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Of 


PHILOSOPHY. 


JULY, 1821. 


Article I. • 

A Memoir on ihe Pht/siolos^y of the Egg, read hefore the Linmati 
Socieli/ of Eondon, on ^arch 21, 1809; an Abstract oj which 
is published in the Societfs Transactions. By John Ayrton 
Paris, MD. 8tc. 8cc. 

iConcluicd from p, 350, vol, L New Series,) 

The part of the egg which next claims our notice is the air-, 
bag, placed at its obtuse extremity ; this follicle excited in me 
considerable interest, and was in fact the phenomenon that first 
directed my attention to the subject of me physiology df the 
egg ; and when 1 found that this org^ had not received the 
attention which its importance seemed to merit, I was encouraged 
to pursue its investigation. I am not aware that it exists in the 
t>va of any animals but those of birds :*i|}deed there is a wonder- ^ 
fill relation between the respiration of oviparous animals bdfora 
and after their exclusion from the egg ; so, perht^s, birds who 



is lined, constitute the parietes of the folliculus : its extent 
in the recent eg^ is extremely small, and before ite lexckuxon-^ 
from the uterus, it does not appear to exist; it wonld seem to 

■ ■ ■ ‘ by the bird ; a 



'tiuov^h £[ie obtuse end and 
inflt^es the follicle : this is the history of ite t«gin; iiid ite 
and subsequent increase are to be explained upon the isai^ 
"New Serm, vol. ii. b* % * , ^ 


Paris on the Fhytiohgy of the Egg. [July, 

^ establishes an important relation between 

e diminutipttf^the bulk of^the ovular contents and the extent 
of this pneumatip app^tratus. During the progress of incubation, 
it is dilated to a very roqtsiden^lei^ Its uses seem 

to have unde^tfbod and 'appreciated by Harvey : 

** UtiUs eit ventilationen^ ac PulU perspirationem^ 

tinmp ^ ^smfationem, ac denmue ad loquelam^ unde cavil as' 
fnmh Scigvkf max major, ac aenique maxlAia conspicitur, prout 
vamjam nempe dicii usus postulaverint/* 

Very early after incubation, tlie cieatricula expands into 
ieveral circles, containing an ash-coioured fluid, called by 
Harvey colliquamentum in this, on the fourth day, tJie heart, 
like a vibrating point, puuc turn salmis for the first time, 
becomes visible, and blood-vessels are seen defuiing, like a 
fringe, the cicatricala ; these meatus venules, which are hereafter 
to become the umbilical vessels, extend and multiply their rami- 
fications on the yelk and white, by wliich the blood is exposed 
to the addon of the air in the follicle, oxygenated, and returned 
to the embryon : to establish, however, this theory upon a solid 
basis, it became necei^ary to discover the nature of the air that 
inflates the follicle, ami which has hitherto remained unexamined- 
We are informed by Buffou, that it is a product of the ferinentu- 
tion which the difterent parts of the egg undergo. If the Count's 
conjecture be substantiated, the gas niust be non-respirahle : to 
determine this point, and to discover whether the process of 
incubation produces any change in its chemical constitution, I 
instituted the following experiments : % 

Experiment I, — Twenty-one hens' eggs newly laid, when 
. broken under the surface of water, yielded only one cubical inch 
of gas : this, when received in a jar, and subjected to an eudio- 
metric test, proved to be pure atmospheric air. 

Experiment 2. — Two eggs, after 20 days' incubation, were 
opened as before, when yie cubic inch of gas w as collected, which 
1 ^o discovered to be atmospheric air, eontaminated, however, 
with a portion of carbonic acid. This latter gas I suspect to be 
derived from the 'U£'waM5j)k)od of the chick, wbieh seems toesta- 
biisn another analogy between this mode of oxygenation and 
tespiration after birth.* From these results, the following corol- 
lanes may be dlawn ; i . The Ji^licuius deris contains before 
incubation atmospheric air.f 2.^No Other chemical change ia 
ofFectied in its constitution than a small inquination with carbonic 
acid. 3. It gains by incubation an increase of volume, which 
-* • • 

• jl# fc resptntion, xtmf a«t tJi« eombiimtion of oxygm with ilie aioofl 
heat f Wot Mr. Hunter*! experimfsiiti {Drove that there i» Wmxtm of ieveral 

the leroperj^*^ of ati adoHS ami in that of one advanced in ita evolution^ 
they have hodi been afikc iab|ected to the anhnal heat inculMition- 
+ By the i^flSration of heat ihii «ar i« eaiianded, and, if suddenly, it will biiriaBio 
^d aeatter the 1!^ the obtnae extifmlty ihould, therefore, be alimya 
l^ked a pin before the egg u roaited, a fact well^nown to the cmtntry^iumaeK 
^.^ipst^aod weacc the old adage^ There u rmmm iu roufUttg an 
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takes place nearly in the i:atio of 10 to 1 ; it nuiat, Mjowefrer, be 
remarked that its extent does not increase equally in e<p?al snb- 
ccssive portions of time ; but that it obswves a rate of prc»grefi- 
sion which is Accelerated as the stages* of incubation ^vayace, 
^though it seems to arrive at its maximum of dilatation a fw 
da^ previous to tbe exclusion of^e animal. "• ^ 

^me naturalists have conjectured that the use Of this appa- 
ratus is to furnish the air with which the feathers are inflated : 
this idea hardly requires a serious refutation ; we detect the 
same receptacle in the eggs of those birds that are hatched 
unfledged. Its essential purpose is undoubtedly to oxygawle 
the blood of the embryon, and we accordingly find thsd wh^ 
ever obstructs the inflation of this follicle, and the renewal of its 
air, destroys the life of the chick. The experiments of Eeaumur 
offer abundant proofs of this truth. In his attempts to develope 
the egg by tlie heat of dung, they, for a long time failed, owing 
to a circumstance which he afterwards discovered to deppnd upon 
the impurity of the atmosphere. He also varnished eggs so as 
to prevent the access of air ; and he found that when {daced 
under the hen, they invariably perished. • Spallanzani instituted 
many experiments with the same view. “ I have often,” says 
he, “ placed the eggs of terrestrial and aquatic insects under 
tlie receiver of an air-pun^, but none ever hatched in this situa- 
tion, although in every other respect in a condition to have 
done so ; ” and Boerhaave ofrej:s ms testimony upon the same 
subject in the following words ; “ Ovula quorumcuume insecto- 
rum, in vitris accurate clausis, non producunt” We see the 
importance, therefore, of that provision by which the egg is 
occasionally ventilated by the migration of the parent ; it is a * 
faCt well known in the farm yard, mat turkeys frequently des^y 
or smother their eggs by a too constant and assiduous ftt^ntion. 

The air follicle may also have a secondary ofi^e to perform, 
to assist in producing necessary changes in the cflbumen sita 
vitellus by the chemical action of its air. Such then is mo 
nature of this organ in the egg of the common hen, from which 
this description is taken ; the same appdtatus exists in the 
of all birds, and contains a similar air ; its capacity, howcyer^ 
does not seem to vary either with ^e size of tj^e eg», or of thq 
bird to which it belongs ; but? I think fhat I have cUecorered a 
beautiful law by which its extdnt is regulated. I have pdflormly 
found (as far as my contracted inquiry has led me), ^at the^- 
liculus deris is of greater magnitude in the eggs of 
who place their nests on the ground, atul young 

hatched, fledged, and capable of exoiting as spwi 

as they burst from their ^U, than the those whoSh 

nests are ^generally built on and whpee jsrt>gew iftre 
blind and forlorn. Thus tl^Jbliiculi of Ae eggs of nens, p§r- 
trid«^, and moor-heRS, are of considerahle ; whfle those, 

of the eggs of crows, sparrows, apfl are ettrej^chr 

B 2 * 
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tracted. The chick, therefore, of hens and partridges has a 
more petfect plumage^ and a'greater aptitude to locomotion, than ^ 

the csdlow nestlings ol <;rows and sparrows. . . 

Such an instaijce of the agency oi oxygenatiort in the promo- vj 

tion arid increase of muscular power is not sohtary ; the historjr ; 

of ruminating afiimals will fuitiish a parallel example. l^eii 
cotyledons,” says the ingenious author of tke Zoonomia, ‘ ^eiu 5 
to be designed for the purpose of expanding a greater surface 
for the termination of the placental vessels, m order to receive 
omemation from the uterine ones ; thus the progeny ot this , 
cl^ of animals are more completely formed before tlieir nativity ; 
than that of the camivorousiclasses ; calves, therefore, and lambs, 
can walk about in a few minutes after their birth ; while kittens 
and puppies remain many days without opening their eyes. J n ? • 
confirmation of th- theoiy, that mmcnlur irritability is the remit j: 
of a nice combination of oxygen with the animal organs, many 
interesting facts may be adduced. Do we not find that the 
muscular strength of an animal is {citt.cris paribus) proportional 
to the extent * and perfection of its respiration ? Birds are ; 
enabled to sustain the exertion of flight, owing to their cxten- j 
sive pneumatic receptacle; and many insects, especially the ? 
different species of Scarahaus, in the act of flying, disclose 
avenues of air, which in their quiet state are closed by the imses i 

of their wings, thus procuring for themselves a larger supfily of , 

the principle of muscular energy at a period wlien from tlu ir I 
exertion, and consequent exhaustion, most require it : flat ^ 
fish who having no swimming bladder, remain at the bottom, 
and^ possess but little velocity, have gills that are quite con- 
cealed, while those who encounter a rude and boisterous 
stream', as trout, perch, or salmon, have them widely expanded ; 
and, *with respect to the respiration of fishes, it may be further 
observed, that the sum of oxip^en which the^ receive will tari/ 
jointly as the momentuih of the water which imparts it, and the t s 
extent of the gills. An acquaintance with this truth at once ; 
enables us to discover one of the most beautiful final causes in 
* — nature. We shall no longer consider the rapid current or the 
boisterous ocean as inimical to the strength of the animal, but 
regard them as Ihe povjerful cau|es of its invigoration — Ele- ^ 
menta propriis armis devicta.^^ So also the velocity of fishes, and j 
its unwearying duration, will cc^ise to astonish us, since it is 
evident that such motions contribute as well to the revival as to ’ 
the exhaustion of muscular energy; for although they must , 
waste the ^ream of irritability, yet they add to the fountain by 
which it is supplied. Hence it follows, that whenever it is an 1 
object to economixe tlJe consumption of air, as must happen in I 
crowded and confined situations, we ought to preserve our mus- j 

* • N«fww-^0ul4ered men bear labour worse and pain 4jctter than othcfTS. ^us ^e | 

, l yfciW of Nori America, a narrow-shouldered race of people, will mtlier under | 

liab than be made to laboift^.-,J^Darwfn*» Zoonom. voL li. p. 14.) 


./ 
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cles as far as we are able, in a stete of complete imctivity ; • . 
noUnnff could have been more judicious than the s^vipe given 
bv Mr Holwell to his unfortunatff fellow suflFerers in the Ulack 
Ilole at Calcutta, “ not to exhaust their stpength by useless efforts, 
but to remain-quiet and orderly/’ or in dther words, not to w^te, 
•wantonly, the animating principle of the atmo^here by motions, 
th^ ettect of which is to render increase(t*<M>nsumptioii of it ^ 
unavoidable : on th» contrary the expedients Yesorted to upon 
that melancholy occasion, were calculated to accelerate the 
fatal result which they were intended to counteract, such as 
fanning the air with their hats, and kneehng down, for the pur- 
pose of simultaneously rising, in order to give a fresh impulse 

It is evident that the inflation of thefolliculus aens of the egg 
will proceed in the same ratio as the evaporation of its fluid con- 
tents : the importance of such an arrangement is sumcienuy 
obvious. I shall, therefore, proceed to describe the shell, the 
oulv part of the egg which now remains to be noticed, the use 
of tliV shell is not only to defend the ovular strucTure from 

external violence, but to regulate the evaporation of the fluid 
contents, and the various chemical chanaes essential to its deve- 
lopement. It consists, according to the latest experiments of 
M Murat Guillot,* of gelatine 3, phosphate of lime 2, carbonate 
of lime 72 parts, united to an organic tissue. Mr. Carlisle, ipa 
memoir reid before the* Royal Society, “ Upon the Vascular 
and Extra-vascular Parts of Animals,” states, that the calca- 
reous shells of birds’ eggs are merely deposited upon the 
brana putaminis, and that the inner portions are regular crystal- 
lized prisms, the long diameters of which point to the centre of 
the I have repeatedly endeavoured to discover such ar 

crystalUne structure, but unsuccessfully ; and my friend Mr, 
William PhilUps, whose knowledge of cryst^ography so 
justly appreciated, has examined the egg shell with no better 
success. The hard and brittle textur® of the sheU is increased 
by incubation, and it also undergoes some other changes dtmng 

• this period which are not well understood. _ 

Every circumstance connected incubation disco v^(S an 

evident design to conceal the bird and its egg : tlie hen in 
general is not dressed in the gaudy plumage Ijjhich distinguishes 
the male, nor is she endowed witli tlicf talent of singing, lesf her 
note should arouse the vigiliiuce of her enemies : so «ie coloure 
of the egg vary in the dinerent species of tods, and s^in^eU 
adapted to the pui^iose of concesdmeut. “ ^us, says 
win, “ the eggs of hedge birds are greenish with dark spots; 
those of crows and magpies, which are seen from beneath 
through wicker nests, are wliite, with dark spots ; thQse, (« 

larks and partridges are russet and brown, like their nests and 

The luatter from’whicti the shell is formed is setareted ^ the 

■ AnniJea de JJbHiuef,v()b MW 


6 Df, Pam m the Physitdagy of tie Egg* [J vs tr, 

lower pof tioa of file «iter«s> and in thk operation we recogiiiee a 
prooesawtikiif the same time, answers two of the most import- 
ant purposes animal ; it at tmce serves the indiyickal, and 
oontributeto to the petpetuation of the species; for while it 
removes the sufperalbunaant cdcareous matter, which, if allowed 
to aeeatndiate, m^t render the bird incapable of flight, and 
defeat the best Iprfposes of its^eiristeace, it furnishes the germ 
of ffce ftiture animat with a strong and convenient defence. It 
sometimes happens that the eggs of birds are deposited without 
the shell ; this may arise from the secretion of calcareous matter 
not keeping pace with the too exuberant production of the yelks, 
a circumstance which may depend upon a variety of causes; but 
as it is not my intention to discuss tne question of tlie origin of 
lime in animal bodies, I shall, upon the present occasion, rest 
satisfied With recording some facts connected with the subject. 
The experiments of Vauquelin, which prove that the quantity of 
calcareous matter voided by the system exceeds that taken in 
with the^jfood, suggested to Fordyce that birds must miuiro 
calcareops matter durihg their laying, and that if the annual 
Were deprived of tliis earth, the shell would never be formed. 
From observations made by myself, I am inclined to reject this 
theory ; for birds occasionally deposit eggs without shells, who 
have free access to lime ; and, on the other hand, although they 
be carefully kept from Uiiie, they ^ill nevertheless produce 
cricateous secretions. 

As for as the light of analogy extends, it would seem that 
lime is a product of animalisation, and that its secretion reciiiires 
a considerable energy of constitution ; this is rendered pronable 
by the welbknown pha^nomena of rachitk; the absence of the 
*»hell, therefore, depends probably upon some constitutional 
cause in the bird, and not upon the privation of lime. 

During my exjieriments, many years since, a curious circum- 
stance occurred to a hen that was kept for the purpose that 
deserves to be placed upon record. Tnia bird had broken its 
leg, and the limb was carefully bandaged, when, after a few 
days, several eggs destitute of shells were found upon the pre^« 
— niiswB, which I ascertaiifed had been produced by the bird in 
question. Now it may be fairly asked whether, in this case, the 
edcareous matter Resigned for the formation of the shell was 
ndt employed in the regeneration of bone? In the human 
species, tile converse of this takes^lace ; for a fra<^tnre, occur- 
nng^ during pregnancy, frequently does not ifnite until after 
delivery.* ^ Mete then nature evinces a greater anxiety for the 
oflfepring than for the parent ; while, on the contrary, tiie fecun- 
fUty of an ovi|)arou8 animal would seem to render such a precau- 
tion unnecessary* The Same law win explain why women who 

• In the foutth volume of Medicfd ObMrv»tio&s and InquiHai, a cane is oommutii* 
cated Jiy WUliam Hunter horn Alanson, at liveriiool, erf* a i%i|de 

^ ia a pit|;naitf vwhati, where the was hot wrmeA untinmer 
The accident hanpen^ duritig the second rmmth of her pregnancy , artd hntil 
no adhesitm hid tilSsn fAace; W in the emtne of nine weeks alWwatdi 
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have had many children in rapid succession occasionally becoiro • . 

rickety and are affected with a species of moUittes ossittm.: the 
fcBtus ckrives its whole supply of ossific matter from the mother, 
and if she be exhausted, sick, or Ulfed, ,this would appear to be 
done at an ejfpense which her own hones cannot bear without, 

' ' 11 terminate this subject by observina that the deer 
of prodoftting tk^ir species, tkeir horus be. 
rutting season* 


Injury. I sna 
are|incapable 
broken at the 


Article II. 

liesearches on theComposiUon of the Pmssiaip, or fcrrvginaut 
Hydrocymates. By J. Berzelius. 

(^Concluded from |i« 449, Tot. i. Series*) 

I TiHNK that the following conclusions may be dr^m from 
the experiments already detailed, viz, , 

(a.) That the cyanurets of the alkalifable metals preserve 
their cyanogen at a very high tei^erature, but that 
of iron combined with them suffers decomposition, and gives 
azotic gas, and leaves quadricarburet of iron. j 

(h 1 The cyanurets of dlher irreducible metals are decomposed 
at a'hi-di temperature. Those which can be entirely deprived 
of water, as the cyanuret of iron, give azotic 
verted into a double #]uadricarburet. Those, on the contrary, 
which preserve their state of hydroepnate unUl decomposition 
commences, lose a certain quantity of • 

csfiburet which remains contains the iron m the form of quadr - 
! carburet ; but the other metal is carburetted m a less degree, 

J' being either a tricarburet or bicarburet. . 

I (r ) Reducible metals lose the cyanpgen with retaining toe 
I catooui but it is probable that some among them may, at a 
^ higher temperature, divide the carbon 

I The compounds of carbon with the.metals have hitherto but 
I very little attracted the attention of chenusts. It has l^n 
I indeed found that the metals reduced by carbon dways retain a 
I smaU portion of this bgdy, by. which t^ir urojterti^ are mora or 
I less aftered. But the carbon thus absorbed by the metal* i* 
I mostly in so" small a quantity that its relation to cbemi^ 

tions cannot be determined. We were ignoraii| untu now of 
metallic carbprets, which were proportion^ m 7 

the sulphurete, the arseniurets, Kx;. and also to th%t of toe 
bonatel It is evident that those which have been now desenbed 
belong to this latter class of compounds ; fwthe decompoMtum 

she w»» ebU to w»Ik about Uie roofu Tbere are alao 

ture»%bich took place to pwiant vh«* “ 2*^2^ 

continuity of bony caUua. to Holiita’* SWgtty, W 

: liuuilar qi»cs. 
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of the cyaimrets by heat is entirely determined by the affinity of 
carbon for the metals ; ifit were otherwise, the cyanogen would 
either remain combined with them, as, for example, with the 
alkalifiable metals, orVpuld separate without decomposition, as 
occurs with the metals reducible per se. 

In the foregoing experiments, we have not only seen bi, tri , anfi 
quadricarbnrets# Wt we have 4lso discovered double carburets 
analogous to double sulphurets and arseniuifets, numerous exam** 
pies of which are met with in the interior of our globe. The 
existence of these carburets depends probably upon the same 
affinity as that which gives rise to double cyanurets. 

In distilling vegetable salts with a metallic base, the metal- 
lic carburets are also obtained, and which have been in general 
considered as mixtures of carbon and metal ; but it is very cer- 
tain that in a great number of cases, if not in all, these residues 
are metallic carburets of determinate composition, and that the 
quantity of carbon which is found in the volatile products of the 
aistillaticn is in part determined by the affinity of the nffetal for 
this element. 

The phenomenon of combustion which is obser\x*d in the 
greater number of the hbove-mentioned experiments is an inte- 
resting addition to those which have been before presented by 
some metallic antimoniates, gadolinite, hydrate of zircon, as well 
as the oxides of chrome, rhodium, mid iron. This combustion 
appears to arise from a more intimate combination between the 
iron and the carbon than that which existed in the cyaauret. 
Every sudden rise of temperature which pecurs in these bodies 
consequently appears in the form of an eruption of fire. 

For those who have not yet attended to tins singular pheno- 
menon, I will here relate an experiment which is very easily 
repeated. A solution of sulphate or muriate of deutoxide of 
iron is to be decomposed by ammonia added slightly in excess, 
in order to prevent the^ oxide of iron from carrying dowm any 
acid in the mrm of subsalt. The oxide is to be well washed and 
dried. It is afterwards to be slowly heated in a small platina 
crucible, by exposure to^the flame of a good spirit lamp, until th^ 
cnlCible begins to become red, and the water and ammonia conse- 
quently driven off’. The fire is ^then suddenly increased to red- 
ness ; the pieces ^f oxi<Je of iron, begin to increase in volume ; 
slight motion is perceived here anfl therS ; all at once they take 
fire, and*intense ignition pervades them from one end to the 
joth^r* Tlie oxide neither gains nor loses any thing by this 
phtnomeuon ;* and if there is any change of weight, it is always 
diminution, pecasioned by not having left it long erfough exposed 
to a moderate heat, to gxpel all the water and ammonia which it 
had retained. After having undergone this apparent combus- 
tion, the oxide qf iron is rendered more difficulty soluble in ai^ids ; 
it m dissolved, nevertheless, by^ continued digestion in eoi|Cen- 
trated muriatic acid ; but if it be precipitated again, fire is repro- 
under similar circumstances. 


.# 
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1 have already spoken in another place * of this phenomenon 
and of the conjectures which may be made as to its cause. If, 
at the time of decomposing some c;^anuret8, the temperature is 
too high, the phenomenon of combustipn’would coincide with 
the disengagenfent of azotic gas; and it would appear that one 
oTJght not to occur without the other, as we know with respect 
to the superoxide of hydrogen, an* also with thd yiunatic radical 
(oxide of chlorine), that combustion and oxygen gas are produced 
together at the same instant. With the cyanurets, this phen^ 
raenon is divided into two periods, as we have seen^at of the 
decomposition of the cyanuret, and of the ignition of the remain- 
ing carburet of iron. This circumstance gives fresh support to the 
opinion, that, as happens with the superoxides, the igniferous 
decomposition is composed of two operations, one of which in- 
sists in the disengagement of a portion of oxygen, and the other 
in the more intimate union with that which remains, and that 
consequentlv any exception to our gener^ experience, “ that 
the seriitratibn of two simple bodies should be accomp^ed by 
•crnition, as happens in the combination of the stionger eluents. 


ouecht not to exist. 

o 


VI. On the Combination of Cyanurets with Sulphuric Actds. 

The cyanurets when treated with concentrated sulphiiric acid 
are more or less dissolved ^villiout being decomposed. 1 hose of 
iron and potash, of iron and barium, dissolve without any resi- 
duum and yield colourless solutions which sustain a heat 
much above 212° Falfr. without decomposition. Some others 
alter in appearance, a very small cjuantity bein^ dissolved by 
sulphuric acid, the greater part remaining undissolved by it, and . 
possessing new properties. When sulphuric acid is poured upon 
a cyanuret reduced to powder, the mixture frequently becomes' 
considerably hot; the cyanuret increases in volume, beconaes 
pulpy • and, if it is soluble in the acid, «it disappears gradually, 
and the mixture becomes liquid. It is requisite to have a great 
excess of sulphuric acid to dissolve even the most soluble. If to 
this solution a little water be added,’ »t becomes turbid, ^d 
deposits a part of that which it held in solution ; that is to say, a 
part of tlie compound of the cyanuret with aulphunc acid. It 
much water be added at oncfe, the cotopound of the cyanuret 
with the acid is decomposed, and superhydrocyanate o* 
and a supersulphate of the other base are obtained; or it tha 
cyanuret IS insoluble, it reappears with its ^ual coaractere. • 

If the acid solution of a cyanuret be left exposed to, the ®iiv 
it gradually attracts moisture, and the new compoimd dissoweft 
is proportionaJIy deposited, sometimes ki a crystapne, and at 
other times in a powdery form. On the other h^d, if the 
lion of a cyanuret in suiplmric acid be heated, wiere is a certain 
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temperatu^ at which, when it arrives, it effervesces, tlie cyanu- 
re^t IS deconjposed, aaU a great quantity of gas is disengaged 
with rapidity. This gas is a mixture of sulphurous acid gas^ 
earbonie add gas, and^axotei The residual mass contains super- 
sulphates of the bases employed and ammonia. " 

i>r. Thomson asserts that on this occasion a new gas is formed!, 
and that this g^^lis composed of hydrogen, carbon, and oxj^en, 
the proportions o-f which be has apparently determined with 
care. He has moreover given the specitic gravity of this gas, 
and determined the condensation of its elements at the moment 
of their union. I have repeated the experiments of Dr. Thom- 
son, acGording to the directions which ne has given, and which 
are rather indefinite. Of the gas which 1 obtained, 0*348 part 
was absorbed by the black superoxide of lead, and 0*26 part by 
caustic potash. The remainder, which contained the atmosplieiic 
air of the apparatus before the commencement of the operation, 
and the azotic gas which was not converted into ammonia, were 
not iid^amed by the electric spark, neither uamixed or mixed 
with oxygen gas in different proportions. Lime-water was not 
rendered at all turbid, and even when 1 added hydrogen gas and 
inflamed the mixed gas, lime-water remained clear. I decom- 
posed in the same moile the crystalline compound of sulphuric 
acid and evanuret of potassium and iron, and it gave me the same 
products. The action of fire immediately decomposes it with rapi- 
dity, and afterwards a slower disengagement of gas takes place : 
which happens when the sulphate of arnnioniaformed decomposes. 
The gases which are then evolved are sulphurous acid and azote. 
But even on this occasion no combustible gas wm perceptible. 

1 am now going to give a particular description of the com- 
pounds of some cyaimrets w ith sulphuric acid. 

1. Ci/aniirct aj Iron and Potassium with Su/pJwric Acid , — 
Jf the acid be added to the anhydrous cyanuret, it becomes veij 
hot, and if the acid be in sufficient quantity, the cyanuret is 
Jtotally dissolved, and jffter digesting for a few^ minutes, it gives 
^ clear and colourless solution. When left in an open vesstd for 
some days, the mass becomes pulpy, and filled with numerous 
SBiaU annular crystals, ^surrounded with sulnlmric acid less con- 
ppitrated. I took this mass after eight aays' exposure to the 
air, and put it upon a b|ick, and^placed it in vacuo, in order to 
^void the influence of atmospheric moisture upon the crystallized 
par^ and to facilitate the absorption of the liquid part. At the 
^ expiration of 24 hours, I found upon the brick a white erystalline 
popposifd of small interlaced acicular crystals. This mass 
is soluble in water, and the solution has all the properties of one 
of supersu^^ate of potash mixed with that of supemydrocyaiiate 
of irom iwish does n^t docompose fay exposure to air, as it 
woul^ doj^e alone. Even alcohol of 0-81 density decofn- 
pmiestms salt, combining with the Itydrocyanate of tron and the 
s|3phuiic acid, md leaving the sulphate oT potash. I anidyzed 
compoxmd ill ti^i i^owiDg manner: | deeamposed it by 
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alcohol : tlic «ndi»f5oived salt was washed with ateslKd, coiitstia* 
ins a little caustic ammonia, in order to satisfy myself thrt 
the undissolved sulphate of potash was neutral. The alcoholic 
liquors were afterwards dilated with wat^r 'and precipitated hy 
imiriate of barytes. I obtained nine parts of sulpliate of potash 
aitd 40 parts of sulphate of barytes. An exjperinrent of Uim 
nalur^p cannot be very exact; for the substance* Jo be analyzed 
always contains som# sulphuric acid on tlie surface. Thus in 
this analysis the sulphate of barytes contains rather more than 
three times as much sulphuric acid as the sulphate of potash. 
Considering the excess of sulphuric acid as adhering to tlie sur- 
face of the crystals, it follows that the cyanuret of iron and 
TMitassium must have been combined with a sufficient quantity 
of sulphuric acid to form a bisnlphate with the potash, and com- 
mon sulphate wiUi the protoxide of iron, . . . , 

2. Cyaunret of Iron and tiarium with Sulphnnc Acid . — ^Tms 
compound is much less soluble in sulphuric acid than the fore— 
goinf^. it crystallijKs readily when made to attract moisture 
f rom^the air. 'I'he crystallized salt is decomposed by watt;r and 
by alcohol, and gives sulphate of barytes, hydrocyanafe of iron, 
ami sulphuric acid. An analytic experimAit, but which is less 
deserving of confidence even than tlie foregoing, because the 
crystals of the Irary tic compound are smaller, and consequently 
retain more sulphuric acid,^ave me a quantity of sulphuric acid 
necessary to form bisulphate^s both with the barytes and the prot- 
oxiile of iron. 

! 3. Cyanuret of Iron and Lead was strongly heated m sulphuric 

^ acid, but the new coiuptiund is almost insolable. The sulphimc 
acid added in excess is rendered slightly tur'oid by the addition 
of a.little water ; but I observed no traces of crystallization even 
after many weeks’ exposure to the air. 

4. Cyanuret of Iron and Cobalt readily dissolves in, and give* 
sa red colour to, sulphuric acid. After ’some hours, the liquid 
(.deposits a crystalline powder of a very fine rose colour, and 
I'loses at the same time much of its colour. I thought at first 
|tlint the rose powder might be sulphate^ of cdialt ; but when 
*-7ater is added to it, it becomes at first green, and afterwards,^ 
ortion to the action of the water, it assqmes the reddjslir 
colour of hydrocymvate of p obalU In ordefcto explsun what 
mppens in this experiment, I ought to add, ^at when a solution 
of cobalt is poured into one of cyanuret of iron and polassiam, 
there is at first formed a green precipitate which gradually . 
becomes of a reddidh-grey colour. If it be dri^d and then 
mated, it yields water and a little ammonia combined with car- 
>onic and hydrocyanic acid, and resufaes its green 

mlour. The cdianges of colour, whiolf resembie those that 
)cc«r with fhe mimate of cobalt, empear to dep|ad on water, 
ffiich, when the green cplow of the imhydMoiis 
han^s and becomes feddisb-grey, is absorbed^ wfae^ier 
hydeocyamite, or prodm;es water of ejya^iUhEatloti, theiib^ 
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the red compound of sulphuric acid with cyanuret of iron and 
cobalt becomes ^een by the addition of water, it seizes the 
sulphuric acid, and the moment afterwards the cyanuret set at 
liberty becomes hydra|;ed. The solution of tins cyanuret in sul- 
phuric acid does not give crystals by exposure tK> the air ; it has 
a dirty-red colour, and water precipitates hydrated cyanuwt* 
The diluted sojilbon contains cobalt. ^ * 

5. Hydrocycmate of Iron and Deutoxide of Copper loses its 
brown colour when it is mixed with sulphuric acid, and becomes 
white with a shade of greenish-yellow. It is very little soluble 
in sulphuric acid; water decomposes this compound, and the 
hydrocyanate of iron and copper reappears with its original 
colour, without any copper being dissolved in the diluted acid. 

6. Prussian Blue increases in volume in sulphuric acid, 
becomes white, and resembles starch. The new compound is 
insoluble in excess of acid. If the pnissian blue of commerce 
is made use of, the acid becomes brown, or even black, by car- 
boniaieig the foreign substances w'hich it contains. The acidu- 
lous paass, when dried upon an absorbing brick, leaves a 
pulverulent white substance, which does not exhibit any appear- 
ance of crystallizatibn. When mixed in a close vessel with 
water deprived of air, it is immediately decomposed, and resumes 
its blue colour, the water combining with the sulphuric acid. 
This experiment proves that the su\f>huric acid combines with 
the hydrocyanate w^ithout converting it into a cyanuret; for, in 
tliis case, the water would have separated wdiite cyanuret of 
iron, and dissolved sulphate of deutoxide, and would not have 

separated prussian blue. ^ • i 

7. Ci/anurct of Iron and Silver is also soluble in sulphuric acid, 
but it Is decomposed in j>art at least. A yellowish sulistmice 
remains undissolved. The colourless liquid, cixposed to air and 
the sun, does not become black, and deposits small crystalline 
grains of sulphate of silver. 

8. Cyanuret of Mercury gives with sulphuric acid a mass 
resembling starch. A slight smell of hydrocyanic acid is per- 
ceived, and if much sulphuric acid be added, it liecomes ofc a 
wllowish colour, probably on account of the decomposition of a 

portion of hydrocyanic acid. The acid dissolves very 
little of the nej/ compound; by the adSition of water a small 
quantity is deposited, which, by adding more, is dissolved. In 
me sarile way, the insoluble compound, when treated with water, 

dissolved without leaving any residuum. 

. It remains for me now to say a few words on the nature of 
the compounds of sulphuric acidf with the cyanurets. They may 
be considered in two modes, either as sulphates in 

which the cyanogen Sets as oxygen in the base, or as supersalts 
with two bases and two acids. My ftpt idea in o^erving these 
compounds was, that the cyanuretsj might be considered as oxy- 
genated bodies, eitlier acids or bases, which could eombtne not 
fc^only with each othes, bnt with the o.\ygenated acids. We have 
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several double cyanurets of iron, copper, silver, and gold, with 
other metals, and it appeared to me very probable, that the cya- 
nuret of the electro-negative metal might,^ct as an acid with 
respect to the electro-positive metal, which represents the base. 
The sulphuretted hydrocyanic acid might veipr well be a double 
cvanuret of sulphur and hydrogen and in this ijfay the theory ol 
t4se compounds becj^me simple and analogous#to that of the 
oxides. 1 afterwards examined the sulphuretted hydrocyanic 
acid and I found that its nature was altogether different ; and I 
shall soon have occasion to mention it to the Academy. As to 
the idea of regarding the compounds with sulphuric acid as sul- 
phates of cyanurets, the experiment with prussian blue is oppiwed 
to it • and that which I am going to relate immediately, decides, 
as it appears, the question in the negative. I took some hydr<^ 
cvanate of iron which had been dried m vacuo, and I treated it 
with sulphuric acid. It dissolved, and produced a colourless, 
and limpid liquid, which gave no trace 

When exposed to the air, the sulphuric acid deposited White 
substance, which I separated from the acid liquor, by mtans oi 
an absorbing brick. The compound of silphuric acid with the 
siiperhydrocvanate of iron remains in the form of an unciy'stalline 
powder. It is totally soluble in water, which afterwards contains 
sulphuric acid and superhydrocyauate of iron, which decom- 
poses by exposure to the %ir, as if no sulnhunc acid were pre- 
sent : this then is a proof that water has separated them. 
As ill this compound no doubt can exist of the sulphuric acid 
being combined withvhvdrocvanic acid, it appears to me to 
be decided, that the compounds of which we have been speaking 
are in reality acidulous double salts, in which tw'O bases are 
colbbined with an excess of two acids. 


VII. Observations o/i the Preparation of the. Alkaline Cyanur^s 
by Means of Prussianfilue. 


If the Prussian blue of commerce be treated w'ith caustic pot- 
ash in excess, we obtain, after the crystallization of cyaiiuret of 
iron and potassium, a syrupy mother t- water, which refusesjto 
crystallize, but which, when slowly evaporated, effloresces m 
greenish vegetations. If the excess of pot^h in the mother- 
water be neutralized with acetic acid, fcnd if alcohol be afw- 
wards added, it separates a mass of a deep CTeen ccdojir. H is 
a peculiar modification of cyanuret of iron and potassnun, woIot 
dissolves in water, and gives a meadow-green cplou^ but* 
long exposure to moist air, it becomes brownish. ItMoes «ot 
crystalhze by evaporaUon, but it deposits small scales, 

especially at the edges of tlie liquid. The colour of these 
becomes pder, and brownish wnen they mre dried. I anawi^ 


them, 'anS they differed sqlittle from the yeUow cyan^t #at 1 
• sion^from the analysis. These differen^ 


^ ... ^ , |. 

couW draw no conclusions 

are derived from a peculiar modiBcation of cyanogeii, 
exists in prussian blue. While deOT»iposing, this cyamirel^ 
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« gwn 4eT^ tlie of wiiich increases during 

evapomiion ; pid by long exposure to the atemphere, we pro- 
etire nt last crystals ^of the common cyanuret. 

The beat method of getting rid of this modification of cyano- 
gen i« to heat the anhydrous mass in a well-covered cruciye 
until it begins t^,f»se. The crucible is then to be removed from 
the fire, the mess is to be sufiered to cool, and then dissolved in 
watei% Some charcoal and caiburet of iro*n remain undissolved. 
The solution contains cyanuret of iron and potassium, hydrocy- 
anate of potash, and carbonate of potash. Acetic acid is to be 
added to decompose these two last salts with base of potash, the 
liquid is concentrated, and the cyanuret of iron and potash pre- 
cipitated by alcohol. It is to be afterwards crystallized, and it 
is tlren obtained of a constant light-yellow^ colour, and finer than 
in any other manner. In the common way it is always procured 
of a variable shade of colour. 

If Prussian blue be treated with sulphuric acid, or still better 
with tBariatic, this modification of cyanogen is for the greater 
part arpided. 

Hydrate of baryte^ also produces a green compound with 
Prussian blue. The liquid loses its green colour ; but it is 
restored by evaporation to dryness, and if the salt mixed w ith 
alcohol is exposed to the sun's rays in a stopped bottle. When 
mixed with a solution oi deutoxide ofiiron, it gives prussiaa blue, 
exactly like the green cyanuret of iron and potassium. I exa- 
mined this substance but very superficially . 

Hydrate of lime gives scarcely any trace of similar combina- 
lion ; but it decouiposes prussian blue very imperfectly ; an 
insoluble mass of a light ochre colour is obtained, which sufters 
no further change by an excess of hydrate of lime, and whicli is 
a subhydrocyanate of lime and oxide of iron. Acids decompose 
it, combining w ith the lime, and separating the prussian blue. 
It is probable that the ^reeii modification remains insoluble in 
the subsak. 

Ammonia gives the green modification in great abundance ; 
frequently notliing els^ is obtained. It crystallizes in the form 
of* small green needles. Alcohol precipitates it of a green 
eoiour, but of the consistence of a syrup. The aqueous solution 
4ep<^its a green powder during evaporation ; it is sometimes 
possible obtain some crystals of common hydrocyanate of 
fwninonia and iron f but the greatest part decomposes by long 
•ex^ture to the air, ai^d gives a green powder. 

iiydfocyanate of ammonia without iron sufiers decomposition 
even in clo^e vessels, and when surrounded by its own gas, if 
rise to a brown sgbstance, which often preserves the out- 
le Off the crystals. After this decomposition, ammonia is 
obtained, wbfoh precipitates the salts of deutoxide of iron of a 
geeen colour. The brown mass does* not possess this pro|x?rty. 
The green ponder which is obtained in all tJmse experiments 
^ ilic modification of thcitiydrbcyauate of |>rotoxide and deutox- 


Dr. Ure on his Alkalimeter. 


\j O V 

\ : 


]g2l.] jjr, Mjre tm Hi» ^ . 

ide of iron correspondiog to those which have been exaroii^ 
with the other bases. It is not oxidated prussian blue, the blue 
colour of which is restored by reducing; but the sulphuric and 
muriatic acids restore it. Potash decomposes it, leaving a yel- 
lowish-green m&s undissolved. This green ^wder gives much 
ca%onate of ammonia and empyreumatic oil during decompo- 

sition. ^ • 


Article III. 

On an Alkalimeter and Acidimeter. By Dr. Ure. 

(To the Editor of the Annals of Philosophy.) 

Glatgow.i April 1.5, 1821. 

In pao-e 13 of the Introduction to the Dictionary of Chemistry 
lately polished, I have alluded to Dr. Henry in terms which 
have occasioned a private correspondence between that fentle- 
man and me, the result of which we are desirous of iflakmg 
public in your journal. • . 

In the bet^inning of August, 1816, I transmitted to him an 
Essay on Arkahmetry and Acidimetry, accompanied by a letter, 
in which I begged him to favour me with his opinion of its merits, 
cautioning him meanwhile*not to communicate its contents to 
any person. In the eighth edition of his Elements, which 
appeared in 1818, he publisht'd a plan of alkalimetry and acidi— 
metry modified from tkat described in ray Essay. This struck 
me at the time as an unwarranted use of my communication ; 
and declining to correspond with him on the subject, I resolved 
to Seize the first favourable opportunity to reclaim my rights- 
Under this feeling I wrote the paragraph in the Introduction to 
the Dictionary. 

Dr. Henry thus writes me on the l?^h of April, 1821, 1 

' assure you that I had not at the time of publishing my book, 

I npr can 1 now' recall, the remembrance of any injunction of 
!' secrecy, respecting your alkalimeter. • I conceived 1 had ^o 
' expressed myself, at-p. 612, vol. ii. of my Hements, as unequi- 
i vocally to give to you the credit of inventing^n insriumeiri; on 
I the principle of directly, and w’lthout calculation, indicating tiie 
I per ceirtage of . alkali ki any specimen ; and that I psetend to 
I nothing more than the modification of your method which js 
I described in my book."* ^ .Vj * 

Under these circumstances, I am satisfied that Dr. Hfihry had 

• “ It has bem vwy prop^itjr objected to it (d>e aSodimeter of I>»e*oWles) b]r Hr. 
Ute, of Glasgow tin an Emay on Alkalimetry, wWA Mfc was ao good, about two yearn 
ago, aato communicate to mein manuscript, and whkb, I bdieve, hebas m«_pob- 
lished), tliat these ^geecs, being emtiady *rb»tiary, do not diaote 
languA^ universally intelligible; anfi ne h»i proposMsd an iustinnient which eiiali^iM^ 
lance, and without f^lculation * declare the tmc proportion of alkali in 100 pa:^. of any 
iapecimen. * The principal deviation in the foUowitig ru^ ^rom thei*»«wod of Br. 

|i«/' &c. dbC. — Cucnry'H iUemcnts ofChonistrt) 
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no intention to appropriate to himself the credit of my invention ; 
blit I sincerely regret that, before promulgating the modifica- 
tion of my method, he had not consulted me on the subject. 
This would have ‘prevented all chance of misunderstanding 
between me and Dr, Henry, whose accomplishments as a gentle- 
man and a chemist, I have been accustomed to admire. The 
readers of the^li'ictionary will perceive, under the articles Cal- 
culi, Coal Gas, Gas, Salt, &c. mat I have not suffered temper to 
influence my judgment, but have done merited honour to the 
Doctor’s researches on every scientific occasion. 

I have the honour to be. Sir, * 

Your most obedient servant, 

An DEE w Uhe. 


Article IV. 


* On iht Finite Values of Circulating Decimals, 
fBy Mr. James Adams. 

(To the Editor of the Annals of Philosophy,) 

SIR, StonehoUsc^ mar Plymouth^ May 8, 1821, 

Problem 1, — To find the sum of n terms of a geometrical pro- 
gression. 

Let A, B, C, D, E, be any series m continued proportion, 
then will A : B :: B : C :: C : D :: D : E ; where A, B, C, 1), or all 
the terms, except the last, are antecedents ; and B, C, D, E, or 
all the terms, except the first, are consequents. Put S equal to 
the sum of all the terms, then will S — E = sum of all the 
antecedents, and S — * A = sum of all the consequents, whence 
(12 . e . 6) A : B S<— E : S — A ; therefore, A S — A® = 

B S — B E, from hence S = — 

A - B ,, 

» Corollary, — In a de6reasing series continued in infinitum^ the 
last term E vanishes, and the sum of the whole series is S = 

A - B 

Problem 2. — ^To find the finite value of any pure circulate. 

iS Too iooo 10000 


•i 


1 1 
•68 


10 


,•00046 


ST 

** h + (i?) + iw)* t (w) + ^ i 
S* + + (i?)' + 


10® 

46 

io» 


I 


•04 
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= IF* 5^ + (if) + (if) + (if) + 

•674 = -f (i^)’ + (i^) + (~y -f '.&c.J 

^ Generally 

J_U.. 
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R 


V Os') + (if; 

— . (cor. prop. 1). 


+ (if)’ ’-ir&c.J 


Where 

S represents a given multiple circulate, 
n the distance of the last hgure of the repetend from unity, 
m the number of figures that repeat, 

R the common numerator. 

It is plain from inspection, that m cannot exceed but it may 
be equal^or less; Uierefore, when m is equal to then will S 

““ ToTlTl* • 

ProhlemS , — To find the finite value ofafiy mixed circulate* 


0-34 

II 

+ S = Til::-, + S. 

0'3048 

_ *30 
““ IOC) 

+ S = + S* 

0-04672 

_ 

•" Tooo 

+ S = T^,-f S, 

46-3 

_ 46 

+ s = i^. + s, 

238-004 ' 

_ 23800 
100 

23800 „ 

+ ^ = lop. + 

374-2358 

_ 37423 
““ 100 

„ _ 37423 <5 

+ = 104- + S. 


Generally, A =» Where represents any mhced 

-circulate, and N its finite part. By Problem 2,^ = i-— ^ . 

therefore A =: — ^L. q s- ^ - i) -f R 

Since circulates that begin in the integral part may be reduced 
to pure ones by dividing by 10, 100, 1000, 8ic. accordingito the 


( situation of the decimm point, the quotients thus produced may 
1 AAA equation (a), which being nmltiplied by 10, 100, 

multipliers agreeing with me aivisers; will give 
[the tinite value of the mixed circdate propbsed* See tihe 
lowing examples : ^ • 

J>few'^erie$,voh. n. * c 
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Examples. 

• 

Data for Equation («.) 



No. 

1 

Given. 


N. 

R. 

m, 

4 ... 

n. 

Finite 

Values. 

1 

1 

1 

•3 

[»^ • • 

0 

t 

3 

1 

1 

3 

9 

2 

I 1 ' 

j -58 

• • 

0 

58* 

2 

o 

A* 

58 

99 

3 

i ' ' 

1 -00046 

! 

0 

46 

2 

5 

•046 

If 

4 

; 1 i 

I -04 

• • 

0 

4 

2 

2 

4 

99 

5 

1 -9 

• • 

0 

9 

1 

1 

9 

9 

6 

i 1 

1 -34 

. . 

3 

4 

1 

2 

3 1 

9 

7 

^ -3048 ! 

j « 


30 

48 

1 

2 

!• 4' 

30-18 

99~ 

8 

1 -04672 

n. 

46 

72 

il 

5 

4*626 

99 

9 

^ 46-3 

• • 

46 

i 

3 

1 ; 

1 

417 

10 

238-004 

• • 

1 23800 

“ 4 

1 

3 

2142*04 

11 

374-2368 


1 37423 

58 

o 

4 

37049-35 

• • 


99 

12 

5 

I \ I 

; 3-4 

10 

! 0 

! 

2 

2 

340 

99 

13 

1 1 

: 34 

100 

1 

0 

34 

2 

2 

99 

14 235-7 

100 

2 

357 

3 

3 

235500 

999 


1 » 1 
an A. 

10 

1 

456 

3 

3 

613950 

Ul*! 


-16 703-9 

100 * 

1 7 

.39 

3 

3 

703200 

I ' 





/■ 

The number of nines in thd denominators are equal to the 
umts in m. 
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Article V. , . 

A Reply to Df. Hope’s “ Remarks on Mr. Phillips’s Analysis of 

the Pbarnmeopa ia Collegii Regii Medicorum Edinhur<ieusis.* 
By R. Phillip, FRSE. Uc. * , “ 

SIR, 

In the latter part of your remarks upon my analysis you 
^‘‘earnestly beg ” that I will “ take the trouble of repeating those 
processes ” of your Pharmacopoeia to which I objected. I have 
complied with your wish in this respect, and if I mistake not, the 
results are not such as you anticipated. I acknowledge now 
generally, and shall as 1 proceed more particularly, state some 
errors which I committed in iny analysis ; but I confess I am 
not a little surprised that you should complain of the tone of my 
observafions. Of yourself 1 spoke w ith the respect whiclTl felt, 
but I trust that I never shall shrink from expressing my (Opinion 
of a public performance, on account of anjr respect for the indi- 
viduals who may have had a share in its production. 1 might 
have stated my objections in more, words, but I prefer brevity • 
and as I am not aware of the cause of your complaint, I shall 
pursue the same plan in my reply, as I did in what vou term my 
attack. ‘ ^ 

Ihe first directions to which I shall refer are those for prepar- 
ing the ncidfim aceticnnj forte. To these I objected, » that the 
quantities of the salts employed are not such as are required for 
nmtual decomposition.” In your remarks, you say, ‘'^e object 
of tins process is to obtain a very strong acid capable of dissolv- 
ing camphor at a cheaper rate than from acetate of copper.” 

Before I make any other observation, I must confess that the 
acetic acid which I have obtained bv frt*quently repeating your 
process is very much stronger than that which 1 at first pro- 
cured ; the extreme slowness of the distillation leading me 
to* conclude that it was nearly or quite over, before 1 had 
obtained the whole of the^acid, ^ 

The process for preparing acetic acid, it will be proper to 
state, for the information of the reader; itaonwistsindecomMsing 
10 ounces of acetate of lead by 12 ounces of sulphate of iitm 
ailed to whiteness. In order to determine the comparative cost 
of preparing the acid by this process, and by that ot'the decoifi- ' 
position of acetate of copper, which you consider aS moi% 
expensive, it will be requisite to state the comp(witio» and value 
oi tne different substances employed in ea«h method. 

According to Dr. Wollaston's scale, crystallized sulphate of 
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1 atom of sulphuric acid 50*0 

1 atom of oxide of iron 44*5 

7 atoms of water 79*3 


Giving, as the number representing it,"" 173*8 


When tliis »quantity of sulphate of iron is heated until it 
becomes white, 69 parts of water are diissipated. It is, there- 
fore, evident (making a small allowance for the error of experi- 
ment), that dried sulphate of iron consists of 


1 atom of sulphate of iron 94*5 

1 atom of water 11*32 


105*82 

As then 105*82 of the dry salt require 173*8 of the crystal- 
lized, 12 ounces will require 19*7 ounces, the cost of which, as 
supjfPivd by the most respectable chemical manufactiirers, will 
rathei* exceed IQd. 

Instead of purchasing acetate of lead of those who make it for 
the purposes of the arts, you have directed it to be prepared by 
dissolving carbonate of lead in vinegar w hich has been distilled 
in glass vessels. In calculating the cost of the acetate of lead 
thus procured, I shall suppose that »one of the acetic acid which 
vinegar contains is lost during distillatioji, and that it is all con- 
verted without loss, and without expense of time, vessels, or fuel, 
into acetate of lead. , 

Acetate of lead is composed very nearly of 

1 atom of 'acetic acid 63*90 

1 atom of oxide of lead 139*50 

3 atoms of water 33*96 

Giving. . . f 237*42 as the 

number representing this salt in the scale. 

That this is nearly ftlve composition of acetate of lead, may be 
"seen by referring to the analysis of Birzelius ; and it is confirmed 
by the proport^i of sulphate of zinc which you have directed 
for the decompfosilioniof acetate of lead, viz. 60 parts of the sul- 
phate to 80 parts of the acetate, instead of 79, as will be indicated 
by the scale, provided 1 have mentioned the correct number for 
acetate of |ead. 

• As4hen237*42 parts of acetate oflead con tain nearly 64 ofacetic 
acid, 10 gmces must contain very nearly 2*7 ounces of realacid. 
One hundred parts vinegar contain 5 of acetic acid ; to pro- 
cure 2 7 ounces of acid will, therefore, retjuire 64 ounces of 
vinegar; the cost of which, with the requisite quantity of car- 
bonate oflead, will be about 15d! ^ 

I have* repeatedly prepared your aciaum aceticum forte, and 
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the greatest product which 1 haTe obtained (quantity and strength* 
being both reckoned) weighed three ounces and a haJf from 12 
ounces ofthe dried sulphate of iron and lOofthe acetate of lead. The 
acetic acid contained about 46 per cent.*of* real acid ; the whole 
product, therefore, contained i’61 ounce of real acetic acid, at 
the cost oi‘2.s‘. Id. viz. 10^/. for the sulphate ol’jron, and 15d. for 
the acetate of lead. It is, therefcSre, evident, fljathy your pro- 
cess the cost of an oflnce of real acetic acid is 15-^//. without any 
charge for time, fuel, waste, or vessels, either in distilling the 
acetic acid, or preparing the acetate of lead. 

Acetate of co))per appears by my experiments, detailed in the 
last number of'tiie Avoats, to be a binacetate* of copper com- 


posed of 

2 atoms of acetic acid 127*92 

1 atom of peroxide of copper 100*0 

o atoms of' water 33-96 


Giving 261*88 Sk the 

number representing it in the scale. ' • 


I put into a l etort four ounces of crystallized acetate of copper, 
with two ounces of sulpliuric acid and two ounces ol’ water. By 
distillation 1 o})taiiU‘d four ounces qj acetic acid, containing 50 
per cent, of real acid : tln^cost of tlie acetate of copper and sul- 
phuric acid aiuounted to 1>‘. 8J. ; consequently the cost of one 
ounce of real acetic acid by this process is Uk/. The quality 
of this acid was excellent; and instead of being dearer, as you 
sup])Ose, tlian that obtained by your process, it is evidently 
chea|)erin the proportion of 2 to 3. 

IJaving now disposed ui‘ the consideration of the cheaper 
rate ’’ at winch tlie acetic acid is obtained by the process which 
you adopt and defend, tJiere are some other points of it to which 
1 wish to direct your attention. 

‘ If acetate of lead lie the salt selected for decomposition in the 
retort to procure acetic acid, 1 must admit that it is better to 
etripU>y, as you have done, a sulphate containing water in a com- 
bined and solid stale, ratlier than by adding sulphuric ‘acid ; bit 
it appears to me that you have committed a Itjudamental error in 
using sulphate ol iroii — a salt v. hich consists or one’ atom of acid 
and one of oxide, instead of a bisalt, such as bisulpliate |rf capper 


* Sijice I publlshetl this anitlpis, 1 Imve found tlmt Dr. Ure liad previously ^ 
the result of his exanunution in his Dictionaiy of Chemisty. He ma!kcs acetate of cop- 
per to consist of • ^ 


fi atoms of acetk acid , 

1 atom of peroxide of copper. . ...... . . . lO'OO 

2 atoms of water 2*25 


f 

We iiffer m to weight of<ian atom Of acetic a4id, aiid lyi to iliO litluObcf Of atom of 
water. 
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or of potash. When acetate of lead is decomposed by sulphate of 
iron, two neutral compounds are produced ; and it is only from 
the partial decomposition of the acetate of iron by heat that you 
procure even the small product of acetic acid which youobtain. 
Thus 10 ounces of acetate of lead contain ver^ nearly 2*7 of 
acetic acid, but by your process only 1*6 is obtained. 

In ray remark^ i stated that'the quantities of the salts are not 
such as are required for mutual decomposition; and I mentioned 
it as probable that the quantity of sulphate^ of iron was too <yreat 
in the ratio of 18 to 7*5. By direct experiment, 1 find, however, 
that the quantity is still more excessive than I )iad imagined. 
Ten parts ol acetate of lead require 2*1 of real sulphuric acid for 
their decomposition ; but the 12 parts of ^Iried sulphate of iron 
which you employ contain o*() parts. 

But you tell me that it is of advantage to employ this 
excess. It facilitates, you say, greatly the disengagemeTtt of 
the acetic acid, and renders it unnecessary to raise the tempera- 
ture tc^%o high a pitch as would otherwise be required, which 
means the empyreuma, unavoidable in an elevated temperature, 
is in a great measure {prevented.’’ 

First, as to the facility of the disengagement of the acetic 
acid, and the low temperature at which it may be distilled. The 
term low temperature is of course comparative; hut having 
frequently distilled stronger acetic aoid than that obtair»ecl bv 
your process by means of a salt-water bath, 1 put into a retort ac- 
cording to your formula six ounces of dried sulphate of iron and 
five of acetate of lead. The temperature^ of the bath is about 
224^; and the quantities of ingredients winch 1 used are capable, 

^ according to what I have just stated, of yielding one ounce ami 
three quarters of acetic acid. After having continued the hjjat 
for five hours, I procured half the quantity of acid obtainable 
from the acetate of lead * it was, however, disagTeeable and 
empyreumatic. I repea/ed this experiment, continued the heat 
for eight iiours instead of five, and then obtained exactly 4-7tbs of * 
the product yielded by the sand heat. From these statements, I 
think but little must be ^gid in future about tlie facilities afforded 
b;^tbe excess of sulphuric acid in disengaging the acetic. Even 
when the temperature of* a. sand heat is employed, the operation 
is excessively tedious, a<id extremely expensive, on account of 
the quantity of fuel burned; for in order to obtain the whole 
product from five ounces of acetate of lead, amounting to only 
4 ocmee 3-4ths of acetic acid, it required the application of eight 
hofirs^ fipe. 

I shall no^ show* that by employing the acetate of lead of 
commerce, and a mucl]^ smaller quantity of sulpliuric acid than 
you direct, a raach greater proportion oif a stronger acid may be 
procured. 

Crystallised bisulphate of potash coWsts of 
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2 atoms of sulphuric acid 100*0 

1 atom of potash 59*1 

1 atom of water • 11*32 


170*42 


I separately powdered, and then*mixed, five dunces of acetate 
of lead with 3 ounces ^>-«ths of bisulphate of potash, containing 
2 ounces l-8th of sulphuric acid, of which one-half, or 1 ounco 
]-16th, would act upon and expel acetic acid from the acetate 
of lead ; and it is to be remarked that this exceeds the theoretic 
(juanlity requisite, only by about 4 grains, lly the lieat of a salt- 
water bath, 1 obtainediin two liours 5-Bths of an ounce of acid, 
and then removing the retort to the sand heat, there was dis- 
tilled in less than two hours more, as much acetic acid as made 
the whole product amount to 2,*- ounces : it contained rather 
more than dO per cent, of real acid, or ounce, being neaidy 
the whcfle quantity winch existed in the acetate of leai» The 
acetate of lead for this process costs less than 6r/. ; ^he bi- 
sulphate ol‘ potash cannot be valued at pore than 2d. conse- 
quently at an expense of about oU/., 1 procure by this pro- 
cess an ounce ol' real acid, whereas by your method it costs 
1 5^d. 

Although I consider, fV obvious reasons, that the processes 
which I liave described are all preferable to those in your Phar- 
macopoeia, there may be yet some objection made to every one 
of them. Thus although acetate of copper furnishes a compara- 
tively cheap and reallvT excellent acid, yet it is certainly a costly 
material. To the use of acetate of lead and bisulphate of potasu 
there are two objections; viz. acetate of lead, always yields an 
acid which is in some degree empyreurnatic, and the oxide of 
lead forms so insoluble a compound w ith sulphuric acid, that it i» 
difficult to clean the retort alter the operation. 

^ All these difficulties are obviated by a process to which I 
have already alluded, viz. that of decomposing acetate of lead 
by sulphate of soda, and then treating thg acetate of soda foruaed 
with sulphuric acid. The results of this method I shall mfw 
state. ^ 

Five ounces of acetate of lead were diissolved in water, and de- 
composed by a solution of 4*3 ounces of sulphate of soda* The 
solution was evaporated to dryness, the salt reduced to powder, and 
put into a retort with 1*5 ounce of sulphuric acid and half anoauc^ 
of water, in three hours and a half, 1 procured ^nces^of 
excellent acetic acid coataining 42 per cent, of real acid, or one 
ounce and one-eighth ; so that the ounc^ of real acid cost rath^ 
less than 5d . ; the sulphate of soda is readily washed out of the 
retort, and is ready to decompose afresh portion of acetateof lead. 
There is generally a smaU* portion of sulphate of lead diffus^ 
through the sulphate of soda, but it is easily washed out with it,. 
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Acidum Nii/vsum, — In your reply to ray objections to this 
process, you say that I have thought fit to condemn the propor- 
tions directed in the Pharmacopoeia as unproductive and injudi- 
cious on the result of® a solitary trial.’’ It is indeed true that I 
stated the result of only one trial, but I have made many. I 
thought it, however, sufficient to relate the results of that one 
experiment, because it pro ved“ that 1 obtained the whole of the 
nitric acid capable of being yielded by the nitre within l-39th 
part, a loss unavoidable in experiment. 1 obtained 1 1*6 parts of ni- 
tric acid by using your proportions of 24 parts of nitre and 16 
of sulphuric acid. The nitric acid was nearly colourless, and 
had a specific gravity of 1613 ; and I endeavoured to show, 
according to Dr. Wollaston’s scale, that ^he whole quantity of 
nitric acid procurable from 24 parts of nitre could amount to 
only 11*8 parts, because the sulphuric acid does not contain 
water sufficient to condense a greater quantity. To this you 
reply, that from the use of 24 parts ol‘ nitre raid 16 of sulphuric 
acid, quantity of nitrous acid obtained by you amounts to 16 
pai*ts. Now permit me to examine what must occur in this case : 
24 parts of nitre consist almost precisely of’ 12 8 of‘ nitric acid 
and 11*2 of potash: ifi parts of sulphuric acid are composed ot 
13*04 of dry acid and 2*96 ol' water ; but I will allow in your 
favour, that sulphuric acid contains usually one-fifth of its weight 
of w'ater; we have then 16 parts of it q^>inposed of 12*8 dry acid 
and 3*2 water. Supposing then you condense the whole of the 
nitric acid, it could amount only to 12*76 parts; and as nitric acid 
cannot be procured stronger than two atoms of water to one of 
acid, the nitrous acid which you procure Vuust be composed of 
9*56 nitric acid -f 3*2 water = 12*76 nitric acid, specific gravity 
15, and the remainder of the 16 |)arts = 2*26 must have been 
deutoxide of azote condensed by, and converting of, a portion of 
the nitric into nitrous acid. If then I heat 16 i>arts of red 
nitrous acid (so, for distmctioifs sake, called, but nut correctly), 
I must expel 2*26 to procure pale nitric acid. In order to try 
this, I put 150 parts of nitrous acid, specific gravity 1622, into a 
retort to which a receiver was adapted, by the ap|)licati(>n of 
heat 27 parts of nitrous atid were distilled, and 1 14 of pale nitric 
acid, sp. gr. 1495, ^vere left in the retort; the loss was conse- 
quently nine parta.'' As |.hen 123i})arts of' red nitrous acid had 
lost nine parts of deutoxide of azote, 27 the niti*ous acid distilled, 
would lose^ nearly two more. 

We may then, 1 think, fairly conclude, that 16 parts of red 
nitons apid #ould have lost 1*2 of deutoxide of' azote, and 
that there would have remained 13*8 of pale nitric acid, specific 
gravity 1495* 

The small quantity oV nitrous acid distiiled had a sp, gr. of 
1598, and it would lose, therefore, rather a greater proportion 
of deutoxide of azote .than that of 16?22 ; but, making evew al- 
lowance, I tliink it improbable that the nitrous which you ob- 
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tained should lose so large a proportion of deutoxide of azote as 
2-25 parts out of 15, instead of only about 1-2, as by my ex- 
periment; and I conclude that the 15 parts of nitrous acid 

which you obtained consisted very nearly elf 

• 

Nitric acid, sp. 1495 13*8 

Deutoxide of azote .• 1’2 

« 

15*0 


Instead of 

Nitric acid, sp. 1500 
Deutoxide of *azote . 


12*75 

2*25 


15*00 


Which must have been its composition, liad you procured it 
from 24«j)arts of nitre, by the action o( 1(1 parts ol the stjgngest 
sulphuric acid. ^ 

You will perceive that, making an allowance in your fa- 
vour, the sulphuric acid contained only •]‘2 of water, and it 
could not condense more than 9*55 of nitric acid. I conclude, 
therefore, either that the sulphuric acid which you employed 
could nut be of the strcngili directed in your Pharmaco[)(eia, or 
that you have made some error in your statement. 

It is evident, froiii what 1 have just stated, that I have been 
able to procure nitrous acid of‘ specific gravity 1522 ; and here 1 
must acknowledge that I was not aware that nitrous acid could 
be obtained of a full red ” colour, without employing impure 
nitre, or without using some means to convey the gaseous pro- 
ducts arising Iroiri the decompusitiou (d nitric acid tlirough the 
acid distilled. I rep^eat that 1 was not aware that by mere expo- 
sure to the gaseous products, the nitric acid first distilled would 
absorb sufHcieiit deutoxide of azote, to be in any considerable 
degree converted into red nitrous acid. By continuing the appli- 
cation ot lieat, how ever, for a great length of time, i procured 
red nitrous acid, of* specific gravity i534; but the quantify 
which 1 obtained convinced me that, as 1 have already endea- 
voured to show, your statemei^t must b|) incorrect, or that you 
employed sulphuric acid differing in strength from ^ what is 
directed. Twelve ounces of nitrate of potash and eight ounces 
of sulphuric acid, of specific oTavity 18*475, were put int(^ 
retort, and heat applied until acid ceased to distil. ^ Th^prodi^t 
was oi‘ specific gravity 1534, it weighed six ounces six dr. ; show- 
ing that 24 parts would yield only 13*6 parts instead of 15, whw 
acted upon by 16 parts of sulphuric acid,* andof these 13’6, the 
water must have constituted a*2 parts ; nitric acid, 9*5 , mid ^ 
remaining 0*9 part will be abcouiited for by the loss of deulo^^^ 
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You assign as reasons for employing the proporlions of 16 
parts of sulphnric acid to 24 of nitre, first, “ that the prescnbra 
quantity of sulphuric acid is required, and proves sufhcient to 
detach the whole of the acid from the nitre; secondly, the acid 
thus procured is of great strength, and so free Ifroni sulphuric 
acid, as to render the second distillation enjoined by the ^ndon 
College altogether unnecessary for ordinary purposes. Wow in 
reply to these Uatements, I would obserVe, lirsi, that in ray 
opraion, and founded upon experiment, the quantity of sulphunc 
acid is hot required to detach the whole of the acid from the 
nitre; and. secondly, that although it does detach it, yet only 
three-fourths are obtained when the sulphunc acid is of the 
greatest streiigtli, on account of the deficiency of water in it to 

condense the nitric acid. , , „ r i v. 

I mixed in a retort lOO parts of nitre and oU-6 parts of sulphu- 
ric acid, of specific gravity 18-13a, which are equivalent to about 
48-87 of sulphuric acid of the greatest procurable density ; the 
sulpha^r of potash obtained weighed 86-2 parts, exceeditig only 
by 0-2 the quantity mentioned on the scale. By passing the gas 
liberated towards the, end of the operation through water 1 
obtained nitric acid equivalent to 46-2 solvent power instead ot 
.50, as denoted by the scale. From this exmenment I contend 
that it is not requisite to employ more sulphunc acid than is 
required to convert the nitrate into vulphate oi potash. It is 
indeed time that about l-12th of the product iS lost m the opera- 
tion. Now 1 will even grant for a moment that you obtain to 
irarts of nitric acid of the greatest densby and solvent power 
from 24 parts of nitre, instead of 15 of red nitrous acid, -as you 
*state; these 24 parts of nitre are capable of yielding 17 of such 
’ acid, and it is, therefore, evident that, although you decompose 
the whole of the nitre, from the want of water to condense the 
product voii lose more than one-eighth of it. 

In one part of your remarks, you say, ‘‘ Permit me to observe 
that most of your oiyections to the formulas apply to the relative 
quantities of the materials employed, and rest upon these quali- 
ties deviating from the proportions of combination in Dr. 

Wollaston’s table of chemical equivalents. I apprehend, however, 
that you have mad<t an applicatioa of this beautiful and valuabie 
contrivance which its vefy ingenious author never contemplated, 
and could not now sanction; for though that table displays the 
proportions in which different substances combine, it by no means 
displays the relative quantities of the substances to be employed 
when decompositions are to be effected, particularly by single 
affinity.'' I think you must have overlooked a part of Dr. Woi- 
Ifs&ton's meinoir which /efers to the very subject tinder disens-^ 
men, and iti which the number that he employs in de»cribi|ig 
tbe relative quantities of Bulphuric acid and nitre to be used 
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whole of the acid may be obtained, if we employ enough of sul- 
nhuric acid to convert the residuum into bisulphate ol potash. 

?n this case each portion of potash, from which dry mtnc acid is 
seoarated, will displace the water from tl^p <Vo equivalent qup- 
tities of sulphurte acid, and each portion of mtnc acid weighing 
67'54 will be found combined with 22-64 of water. Hence 
QO-IS of liquid nitric acid so obtained should dfcsolve the equi- 
;aleut 63 of carbonate of lime ; ” and the author then goes on 
to show from some experiments which 1 had made, that this is 
as nearly as possible actually the case, and that the specihc 

o-ravity of the acid was 1-nO. r 

1 conceive it impossible to cite a more direct application of 
the scale to the purpose for which 1 liad ventured to employ it. 

We have not only the quantity of the “ decomposing material 
assioned, but its composition stated, and aiso that of the sub- 
staime to be decomposed, and of the product and residuum 
With respect to the strength of the product, it is qujte as grea. 
whether Ve use only 12 parts of acid or 24, instead of 16 you 
direct. 1 do not speak from theory, but from exammiiig the 
nature of the nitric acid produced with all,three proportions of 
sulphuric acid. As to its being so free from su phunc acid as 
not to require the second distillation enjoined by the London Col- 
eire I be'>- to state that the l edistillation ordered by the London 
CoUege is^ useless ; for 1 iiiiior found the product to contain any 

Ni/riri/m.— With regard to this article you at once 
state that mv criticism of it appears to yon ‘‘ to be incorrect m 
every point.”'' And vou'assert, “ that though, for many puqmses, 
tlie nitric and nitrous acids may be used indiscriminately, yet ^ 
there are some where they cannot with propriety. 1 wish you 
had'pointed out one of those cases. 1 will not deny tliat such 
exist, but I know of no one. Allow me to inquire whether there 
is anv case in which the nitrous acid is not either previously to, 
or ikiring its use, converted into mtnc acid ! Hut allowing this for 
a moment not to be tbe is there any instance m ^' hich it is 
preferable to use nitrous than nitric acid 1 shall presently sho^ 
that unless pressure be used so as to coiidence that par o 
nitric acid, which is liberated in the state ol gas when only one 
atom of sulphuric acid is used to oecqmpose nitre ; that i la 
more advantageous in every respect to, use equal weights of siU- 
phuric acid and nitre than two parts of one and three o t e 
other, 1 X 8 ordered in your Pharmacopaia. • • 

You tell me that 1 “ have assigned as a reasonlor pieter^g 
the process of the London CoUege, should a paleamd 
tliat itadbrds it by one operation ; while^that of the ^^yron^k 
requires two, but I had forgotten you state that tire Lont^n 
Pharmaccmeeia directa a second distillation of a fresh quai^^’ 
of nitoe, and after all does procure a colourless a«yh 
have,^ .asa awefmtunleidiqiudljf nasrepfealartwiws ho 
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smn. What I state is, it would be better to adopt the Lon- 
don process of using equal weights of nitre and sulphuric acid/' 
but ttiis is the only part of it \raich I meant to adopt. Indeed 
it would be singulai^if^l had done more, for in my Experimental 
Exmnination, 1 have stated that I never fourm any sitlphuric 
acid in the product. It is also true that the nitric acid obtained 
by using the proportions of ‘the London Pharraacopceia is not 
quite colourlesJj, but it is very nearly so : .Scarcely any ditference 
c%n be perceived between it and that procured by your method, 
and it is quite as strong, or indeed rather stronger. With re- 
spect to the colour of the acid, you correctly inform me that 
when nitrous acid is diluted with water, it becomes of a rich 
^reen colour ; but I can by no means admit the accuracy of your 
intimation, that it requires free exposure to the air" to render 
it pale ; for without it is kept quite closely stopped ; and in a 
bottle but little larger than requisite to hold it, the very act ot' 
opening the bottle occasionally is suificient to admit of the escape 
of tlui^leutoxide of azote, and to render the acid coloufless. 

As you have spoken of the econamy cd' tlie process for ob- 
taining acetic acid, ^it is evident that this is a consideration 
which has not escaped your notice, although I have shown 
that you have not been successful in the practice of it. 1 shall 
now brit;fly state the comparative costs of obtainiui.^ nitric acid 
by employing one proportion and tvvg }>ro})Oitions ol’ sul)>huric 
acid ; and also by your method in wlucli one j)roportion and a 
half is used. The numbers representing sulj)huric acid and nitre 
are respectively 61*32 and 126*6. For the sake of roimd muii- 
bers, I shall assume that; they are as i to*2. 

1 distilled a mixture of 24 parts of nitre and 16 of sulphuric 
acid. In four hours, from the commencement of the ope-’ratjon, 
the ingredients were in complele liisiun, and no uncoiidensible 
gas came over. In al>out five hours, a little gas was evolved, 
the acid dropping onlyj'.bout three times in a minute. In two 
hours more, I weiglicd the product, and found it almost exactly 
11 parts ; in eight hours from the commencement of the opera- 
tion gas came over plentifully, *dnd the acid dropped once in about 
minutes. The whofe product weiglted io*4 |)arts. It was 
of a red colour, bu^ its specific gravity I accidentally have not 
noted. The pipe of tli|^ tubulated receiver almost touched the 
bottom of the bottle, so that any gas wliicli was evolved in 
latter part of the operation passed through the pale fluid acid 
first distilled. 

* J)n rqj^eatibg this experiment, but without causing the pipe 
of the tubulated receiver to dip into the first obtained product, 
I procured f3’6 parts of product. This acid was of a red colour ; 
its specific gravity was 1534 ; and on making the experiinent 
for the third time, but with the pipe of the tubulated leceiver 
arranged as in the first experimei^t,* I procured 13*7 parts of 
awi ; the colour was ltd, and its i^cific gravity 1540. . * 
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1 now distilled a mixture of 24 pai-fcs of nitre and 24 of stt^fau- 
ric acid. The product was of a pale colour, of specific gravity 
1499, and weighed 16 parts within a few grains. On comparing 
it with the nitric acid procured in your mode, there was scarcely 
a shade of dilierence in their colour. ’The whole quantity of 
nitric acid, of specific gravity 1500, obtainable from 24 parts of 
nitre, amounts to 17 parts ; so that a little mor^ than l-17th was 
lost in the operation. , • ' 

Now the cost of 24 parts of nitre and 24 of sulphuric acid 
beino- estimated at 144, that of 24 parts of nitre and 16 of sulphu- 
ric acid will be 128, and the acid produced by the former 
amounts to 16 parts, and tirat by the latter to 13-7 parts. It 
follows, therefore, that 16 parts of pale acid obtained by using 24 
parts of sulphuric acid cost less than as much red acid obtained 
by using 16 of sulphuric acid, in the proportion of 144 to 149 ; 
for 13'7” : 128 16 : 149. This cdculation is made on the sup- 

position that red nitrous acid, of specific gravity 1534, is equal 
in strengtlr to pale acid of 1499, which, however, is for from 
being the case ; for, as already shown, both from the^ and 
experiment, the 3-2 parts of water which 16 of sulphutic acid 
contain can yield only 12-7 of pale acid ; therefore, the cost of 
your method is greater than that incurred by using one half more 
sulphuric acid in the proportion of 161 to 144 ; tor 12*7 : 128 
16 ; 161. 

You do not seem to suppose that nitrous acid is apphcable to 
any one medicinal purpose which may not be as well answered 
by using nitric acicf ; but unless you are prepared to show this, 

1 think I have proveik that your process is for several reasons 
much less advantageous than that which Dr. Wollaston has 
described, and I have quoted from him. Your process, from . 
the deficiency of water to condense the nitric acid, is less 
economical; and you incur some expense of fuel and in- 
creased risk of breaking the retort, merely to render the acid 
red ; and when this is done, it is to be rendered colourless by 
incurring fresh e.\pense of time, fuel, a.nd the chance also of 
breaking the vessel in which the operation is performed. 

Acidum Muriaticum . — With respect \o this preparation I h^ve 
no hesitation in stating that I was in error in supposing that the 
quantity of sulphuric acid which you employ is less economical 
man that indicated by the scale as equivalent to the common salt. 
The experiments upon which my present opinion is founded are 
the following : 

According to yom process, I mixed in a retort 10 patft f>f 
sulphuric a<ad wrtlr 10 of common salt, and the requfeite qimn- 
tity of water. The cost of tire salt being estimated at 4, that of 
the sulphuric acid will be 2, total cost** 6. When tiie op^»- 
tion waa ovhr» t tried the specific graniy of the numatic acid, 
and found it 1176, and the residoum atiPghed IS-dfijSHts. We 
maf, therefine, preioiiie^ that the whole of the cotninoo i^iraa 
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decomposed ; for 10 parte of enlphoric acid contain 8-15 of dry 
imid, and 10 parts of salt yield 5-35 soda * the weight of the resi- 
duum should, therefore, have amounted to 13*5 parts. 

Operating in the.same manner, I used, according to the scale, 
the equivalent quantities of sulphuric acid and common salt ; 
vb. 8-4 of the former, and 10 of the latter, the cost being 1'68 
for the sulphurb acid, and 4 for the salt, amounting to 5"5'8. 
On examining the residuum, I found tlvat 1"7 part of the salt 
remained undecomposed, showing that the expense of decom- 
pcwing 8-3 parts of it amounted to o-68 ; whereas by your pro- 
cess it is rather less than 6 ; for 10 : 6 :: 8-3 ; 4-98. 

While, however, I allow the preference that ought to be given 
to your process, 1 cannot admit the justness of the reasoning 
upon which you found its superiority. You observe that it 
must “ for the moment have escaped my recoUection, that 
sulphuric acid is much disposed to form a supersulphate of 
soda, and consequently that if no more acid be employed than 
is barely safticient to saturate the quantity of soda contained in 
the rnuriate, a considerable portion of the muriate will remain 
undeComposed.” Now if the decomposition of the common salt 
depended upon the fbrmation of bisulphate of soda, as you seem 
here to hint, you ought to have employed lb‘8 of sulphuric acid, 
instead of only an equal weight, with 10 of common salt. It is, 
however, quite evident, that the decom]>osition of the common salt 
is not dependent upon the formation of a bisulphate ; for not only, 
as I have just shown by your process, 10 parts of sulphuric acid 
are capable of effecting w hat ought to require 1 ti'8 ; but in the 
other experiment which 1 have detailed, ^ 8’4 pai'ts of the acid 
decomposed 8-3 of common salt, which are the quantities requi- 
site to term common sulphate of soda as nearly as 8'4 to 10. 

Aqua Potassa:. — From repeated experiments on the subject, 1 
am convinced that the quantity or lime which you order is unne- 
cessarily large ; and that even supposing you obtain, as you 
assert, the whole of the potash, the method is tedious on account 
of the long time which it occupies. 

Sultcarbonas Ammonm . — On this head also I must retain my 
i<^er opinion ; for wh^re the equivalent quantities are 100 of 
muriate of ammonia to 95 of carbonate of lime, I conceive it to 
be utterly impossible that it can he of any use to employ twice 
the quantity of the carbdnate, as you direct, although I am per- 
fectly willing to admit, as with respect to the preparation of 
muriatic acid, that an excess of the cheaper material ought 
idWays to be employed. You will ffnd in my examination of the 
London Pharmacopoeia, in treating of the preparatitm iwxt to be 
noticed, that 1 propose to use a considerably larger quantity of 
lime tfaam the ^uivalent. 

The process of the Edinburg Pharmacy 
iMBia conaistB in decomposing 12 parts of mtiriate bf ammonia 
by meaoaof I-® dfUme jM'evionsly slated witbaina parts 
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the gas evolved being condensed by 12 parts of Water. To this 
orocess I objected that as muriate of ammonia is decomposable 
bv little more than half its weight of lime, that one and a half its 
weight is uselessly and inconveniently large, I objected also that 
the^operation of mixing lime and muriate of ammonia was 
extremely pungent, and that the large quantity of lime delayed 
the operation of getting the ingredients into the retort. I 
obiected also, that as the retort was ordered toh# made red-hot, 
that it usually broke in the operation. In this I find 1 committed 
an error, and 1 am afraid that it arose from confounding your 
process witli that of the London Pharmacopojia of 1809. 1 
must however, confess that 1 cannot find much real difference 
in the directions. If iron be made red hot, 1 think it would be 
difficult to determine that the sand placed upon it, and the retort 
also placed in the sand, are far from possessihg an equal temp]^ 
ature ; but you tell me, that “ as much of the heat is carried off 
by the’ gas, the temperature of the mixture is in every stage very 
far distont from the point of incandescence.’ By the he^ being 
carried off by the gas, 1 conclude that you mean it is rendered la- 
tent,but for two reasons I do not see how this can happen : the first 
is that without the application of any heatiwhatever, so much am- 
m’oniacal gas is evolved as to create the pungency of which I com- 
plain from tlie mere mixture of the lime and muriate of ammonia ; 
and secondly, the ammonia during condensation scarcely raises 
the temperature of the i^ter. It then ammoniacal gas may be 
evolved without the application of heat, 1 do not see how it can 
carry any off when given out during its operation ; and I think 
that duriiit^ coiidensi^on such heat would be again given out; 
but this, gS I have just stated, does not appear to be the case. 

In order to determine whether any greater product is obtam-. 
able by using so large a proportion of lime as you order, 1 twice 
prepared the^solutiou according to your directions. The mean 
specific gravity of the aqua ammonim obtained vyas U’936, being 
rather stronger than you state : the mean quantity of ammonia 
estimated by Sir H. Davy’s table of the strength of ammoniacal 
solutions amounted to 40‘5. I then prejpared aqua animoniae, 
using only two-thirds of the quantitrof lime oi-dered in your 
Pharmacopoeia, and this quantity, 1 think, needlessly l^e. 
Upon comparing the mean strength of tlid* {icoducts with tiwse 
obtained by the Edinburgh process, Iffound it to lie exacUy^dO, 
the difference being only 0’t>, which may .be fairly attributed^to 
the error of operating ; for 1 found greater differences than this 
between the values of the two products in both cases. Now cw» 
this diminution of the quantity of lime from three paitt to tWo fe 
important, because, when slaked, it is extremely buljty» and tlmra- 
fore, requires iurge retorts, which increase the ex|>eiiiie, espe^Ity 
as, accprdiiig to ^experienoe, the retorts hreat ti«fi^ out ofliiree 
times, aiid we value of them is at leastelght gfoater 
thafcophe Bufestancw upon ; it ^ on tm 
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I prefer the process of the London College ; for although, as I 
Imve before acknawtedged, it is in point of strength of less value 
than yours in the j^roportion of 10 to 16 ; yet there is so much 
less rask in heating fluid in a retort than solids that I would 
much rather engage to prepare a given quantity of ammonia in 
solution by the London than by the Edinburgh process ; added 
to which, the mking of the ingredients in the manner directed 
in the latter an extremely unpleasant ^operation, and totally 
unfit for the preparation ol* large quantities of the solution. 

Tartras Antimordi. — In reply to my remarks on this prepara- 
tion, you say, the name given to this substance naturally first 
excites your animadversion. Had you happened to look at the 
preface to the Pharmacopoeia, you would have found the reasons 
assigned by the College for deviating occasionally from that 
nomenclature, and abbreviating the name of some compound 
substances, for the sake of convenience in prescription, by 
restricting it to that of the active ingredient. The tartras anti- 
monii is one example.^" Now I will admit that it i^ highly 
advantageous to shorten the name of preparations; but in doing 
this, it would, I think, be better to give an arbitrary name than 
one which conveys an incorrect idea of the nature of the sub- 
stance. Antimomitm tariarizatum, for example, is an appella- 
tion which conveys no false idea of the nature of emetic tartar ; 
but, I think, as potash is one of its ingredients, that tartrate of* 
antimony does give an incorrect repreientation of this substance. 

I will, however, admit for a moment, that tartrate of ant imony is 
a proper appellation ; why then is not tartarized iron subjected 
to the same rule ? This compound is Qirrectly called iartras 
potmm etferrij which is only four letters shorter thaa the name 
(d tartras potmsm et antimonii. But there is another preparation 
of this same metal to which your rule would have been more 
applicable than to emetic tartar; — 1 mean oxidum antimo- 
nil cum phosphate caicis. If the name of potash may be 
omitted from tartras potmsm et autimomi because it is not the 
active ingredient,'^ surely the same law might, a fortiori, have 
been applied to the oxidum antimonii cum phosphate caicis : omit- 
ting the name of the borfij-earth, and calling it oxidum autimonii 
would have been consistently restricting it to that of the 
active ingredient/' ^ ^ r 

With respect to the different methods of preparing tartarised 
antimony, •you inform me, that with the aid of Dr. Duncan, jun. 
Professor of the Institutes of Medicine, all the processes lately 
Yeoommended. b^ the Colleges of London and Dublin, and by 
mif were carefully tried ; and you saw no reason for preferring 
any of them^o me one in your former editions. 1 confais I 
wish you had gone rather further in your remarks, and had 
shown the grounds upon wtiich you premr the process to which 
I Wve objacled* As, however, you have not done I shidl 
venture to my reasons f(Ur flaking that the^preeesa 
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which I recommended in my examination of the London Phar- 
macopoeia IS preferable to that which you have adopted from the 
former editions of your Pharmacopoeia. Your process consists 
in deflagrating a mixture of equal weights of nitre andsulphuret 
ot antimony, the white crust formed at the surface beimr sepa- 
rated from the red under part ; the latter is -to be reduced to a 
very fine powder, frequently washed with wamn water, dried 
and then boiled in ^'ater with an equal weight of bitailrate of 
potash. 

I’he objection which I made to this process is, that unless the 
sulphuretted oxide, formerly called crocus antimonii, thus prepared 
be made to undergo the troublesome process of levigation or 
elutriation, it is vety difficult to cause the tartar to dissolve a 
sufocient quantity of it. I prepared some of this sulphuretted 
oxide in the manner directed, and having reduced it to an 
extremely fine powder, and repeatedly washed it, I boiled 100 
narts of it in water with an equal weight of tartar during a much 
longer o'oo than you direct, in order to insure their mutuaractioa 
to the fullest extent. Having filtered the solution, 1 foulid that 
only 00 parts of the crocus were dissoIv%d, although when it 
has been levigated, the tartar is capable of dissolving 75 instead 
of 00 ; consequently one-fifth of the tartar was uncombined 
vvitti oxide, and must yield a product intermixed with bitartrate 
o{ potasli. hroiu repeateri experiments, I am also of opinion 
that a larger quantity of the crocus should be used than you 
ulicct ; at least one-tenth more even when levigated. 

The process which 1^ proposed in the examination of the Lon- 
don I harmacopoeia consisted in boiling antimony with sulphuric 
;u id so as to convert it into subsulphate, to wash this, and then . 
dissplve It in a solution of tartar. Now 1 prefer this process, be- 
cause I find that it occupies scarcely two-thirds of the time re- 
quired by yours. A very slight degree of washing is requisite; 
the subsulphate of antimony is dissolved in a few minutes, instead 
ot requiring an hour’s boiling, as you direct; the tartar being even 
then imperfectly saturated : added to this, it is not requisite ta 
dry the antimomal subsulphate, as you direct, with the sulphur 
retted oxide. With respect to cost, I am at present uncertain ; 
oecause 1 have not determined the exact quantity of sulphuretted 
oxide yielded by certain proportions of#nitre and sulpfauret of 
antimony ; but if you obtain nearly the whole of the antimony, 
then at the present price of nitre, your method is more ecoa^ 
nncal as far as the first cost of materials is omiceroed; but 
use of glass vessels, the long boiling, and the unnecesssfry 
oxide, all tend materisdly to diminish thisi adf 
or the che^ness of the first cost of the iowcedients. 

.bv %drorgyri.— For preparii^ this cranpound, yon 

uimct thr^ parts of mercuix to be cUwdved in four oimee^ 

^ ^ . “‘trout acid, pr a Mtde niora fhatt k 
Mathis solution is to be decomposed by one of acetate of^taslu 
^ew Heries, voL. ii. D • 
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la ppepariag tiie mbmurias hpdrar^ri pmcipitatm, you order 
ke^IISiry to be dissolved by au equal weight of dilute nitrous 
acid^ Now obaerviug this difFereoce, and well knowing that 
the preparation of thb acetate and the chloride ol mercury 
upon tL formation of protoxide, I certainly did imagine that 
the gam** quantities of metal and acid were applicable to both 
SL? You telliJie. however, that the College are not inconsis- 
tent in ordering an excess of nitnc acid in*one case, and not in 
the other : for vou state that the excess is “ advantageous foi 
ibeone and iff eiudicial for the other.” . 

Now the aifvahtage which you state to be derived 
the excess of nitric acid in preparing the acetate is, tliat it d^- 
^Ives the subnitrate, which would otherwise be 
with, and contaminate the product. For a moment 1 will udmt 
Ls reason to be valid ; but if it be so, what prevents the same 
Sfects from being produced when a solution ot muriate of soda 
M used instead of acetate 1 1 apprehend it is the ®^ 

water, 'and not the nature of the salt dissolved in it, whidi detei- 
mines the precipitation of subnitrate of mercury ; il so, it appears 
toStKou are inconsistent in not ordering the excess ol 
Sid in preparing Uie chloride, as well as in formnig the acetate 

probably remember, that in 
pared by precipitation, x\lr. Cheuevix..actuaUy 
^ subnitrate ; 1 do not, however, mean to assert that the prt 
portions of mercury and acid which he used m 
luck as are directed by you; I mfean merely to show that this 
ill sonic ctiscs actually huppens. ^ _ 

I willagain admit that the excess of acid is requisite to produce 
the alleo-ed eS'ect; but even ip this case, 1 think it is employed 
in a dis^vantageous mode. .1 suppose y^“ “j®’ 

that it is only the peroxide of mercury which is 
wreemitated in the state of subnitrate ; if so, the formation of this 
must be much increa^^ by using one-hdt more 
is requisite for the preparation of the protoxide. It seems to 
me Sat this end would*t)e quite as well answered, and with muck 
Ks ebarme of producing peroxide of mercury, if the soluUou 
prepared with oSy tJhe requisite qU^y of 
ffied with watCT, with which the excess of “®*f f ” 

mixed ; in this mode, as it appears to me, 
power of redissdivmg subnitrate, without possessing that ot torm- 

"^^InX-^a^fsis of your Phaimimopmia, I stated &at I procured 
only ^of acetate of meteury fhim a solution of 7^ of the 
I have since obtained a considerably largCT product ; vi®. db 
parts; 8liU, imwever, tl» loss of H»®®6««y « 

]^!b a moder^e cakwlatka at le^t 44 parts .?? ^ 

jJauwMploytdia thrforiiiadon of acelalie; 

Jomtai% am still of . oj^on that it would be adwari^ le fi»ye 
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first by the addition of solution of muriate of soda, so as to obtain 
calomel, and then by adding potash to procure peroxide. 

Wishing, however, to determine, whether when mercury is 
dissolved without heat in an equal weight of your dilute nitrous 
acid, any sullfiitrate of mercury is actually jirecipitated with the. 
acetate, 1 atlaed to a solution thus prepared ^the requisite ouan- 
tity of acetate of soda dissolved in only hali' the quantity of 
water which you tfirect. The acetate of mercury, instead of 
weighing only six parts from 12 of mercury, as by your process, 
amounted to 1 1 parts; and the only important difference between 
the products, if indeed it can be called one, was, that by using a 
smaller quantity of water, the precipitate was rendered less 
bulky. In order to determine whether it contained any subni- 
trate, I boiled some of it in muriatic acid ; calomel was of course 
formed and precipitated; to the filtered solution I added 
ammonia, which did not, however, cause any precipitation ; 
whereas, if the acetate had contained any subnitrate, it would 
have been decomposed by, and dissolved' in the muriatic acid, 
and the permuriat.e formed would liave given the v.eM-known 
white precipitate with ammonia. On re, Seating tliis experiment 
1 obtained rather a larger product of acetate. From these ex- 
•periments, therefore, 1 am of opinion that it is not requisite to use 
the excess of acid which you have ordered, but that this acid con- 
verts a large portion of iWercury into peroxide which is ofno use 
in forming the acetate, and that it also diminishes the product, ^ 
by dissolv ilig the acetate of mercury actually formed. If it be of 
any consequence tha^the acetate of' mercury should be extremely 
fight, it would be better to redissolve and crj'stallize it, thaii 
occasion, what appears to me to be; w'aste by your process. 

Pxidum Hydrargyri Frm'ipitatma.—l have already acknow- 
ledged the error which i committed with regard to tlie quantity 
of lime contained in the lime water, ordered for the decomposition 
of the calomel in this process. But Mr. Daitou has observed, 
and I have repeated and proved Uie accuracy of his experiments, 
that lime w^ter, preparetl in different modes with respect to 
temperature, contains very different piftportions of lime. Undgr 
these varying circumstances, I confess 1 do not consider it to be 
an eligible substance for sthte purpose to which it is applied in. this 
process. If the hme be redundant, it be precipitated by the 
heat, and mix with the oxide of mercitry ; if, on the other hand, 
it be deficient, it will leave some calomel intKnmixeff with the 
oxide . Added to this, protoxide of mercury, at a aery moded^ 
elevation of temperature, madily absorbs oxygetki sQ thllt a por- 
tira of it paasu^ to the state of peroxide,' the prociptfaleibecomes . 

of a greenish colour, and is-a mixture 'of4.be 'two oxides* 

1 find that when pofRudi is wiiie of the^ 
folww.; The caioinel is deepiiapoaed evmi enfhodt 
of heat, and a £»w ounces of edition of potaishev« 

an equal imotber «£ piids of lime water. To some of the oxide 

» 2 • 
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of mercury obtained by potash, I added nitric acid ; it was rea- 
dily dissolved, and to the solution I put some nitrate of silver. 
Not the slightest precipitation of chloride of silver occurred, 
showing that the decomjtOsition was perfect. This operation 
requires only a few minutes for its completion. 

Subsnlphm Hydrci-gpri Flaws. —You have not thought it worth 
while to notice an inconsistency which 1 pointed out in your 
directions for this preparation. It is to be formed by boiling 
together two parts of mercury and three of sulphuric acid; 
w’hereas in preparing corrosive sublimate, the proportions are two 
of mercury and two and a half of acid. I cannot imagine any 
cause for the variation, which, however, is not very important. 

Miirias Hydrargyri Corrosivm. — I have not had time to deter- 
mine experimentally what proportion of common salt is required 
for the decomposition of sulphate of mercury ; but until I am 
convinced by experiment, 1 think. 1 shall retain rny opinion, that 
the quantity which you have directed to be used is very unneces- 
sarily large. 1.. . « 

0“xidibn Hydrargi/ri llubriirn per Acidiim rermit 

me to remark, that this*is one of those names which would have 
been improved, by subjecting it to curtailment equal to that 
bestowed upon the tartras potassae et antiiuonii. 

For preparing this oxide of mercuiy, you direct three parts of 
mercury to be dissolved in four of diiute nitrous acid, and to 
these proportions I objected because three parts of acid are 
equal to produce the effect, as ordered in preparing the submu- 
rias hydrargyri pra;clpitatus. In your repjy, you say, " If the 
diluted nitric acid have been formed from the strongest acid, 
•you are perfectly correct in saying, that it will dissolve an equal 
weiffht of mercury, and in that case more acid is ordered by the 
Edinburgh College than is riecessary for preparing this substance. 
But if the best acid usually met with in apothecaries’ shops be 
employed, in consequence of its inferior strength, the proportion 
assigned in the Pharmacopoeia will be found most suitable.” 

N^w this, I must confess, appears to me to be a most extra- 
oidinary kind of defence!. You tell me that your Pharmacopoeia 
possesses “ a certain degree of national authority in the prepa- 
ration of drugs;” but I think you,would have been more discreet 
in allowing, that I had dStected an error Of no very great import 
ance,tharfthus to admit that the authority which you possess is 
of 6 0 trifling a nature, that you legislate in one part of the Phar- 
mioopoeia to'accommodate those who contravene the directions 
of the ofher. This declaration nerfectiy satisfies me, that however 
I mi*>‘ht have flattered myseli as to the utility of my remarks, 
nothmg which I have yet done, or ever can perform, will be in 
the least degree advantageous to your Pharmacopoeia. Hoping, 
however, that the public may dertvc«8ome utility from th4e*l>e- 
riments which 1 have detailed, I am, Sir,y®ur8, veryrespe^ally, 

KicHAan Phillips.' 
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Article V4.' 

Extract of a Memoir on the Injiuence of the Nervous Sj^stem on 
Animal HeatJ^ By Dr. Chos^t. 

Mb. Bug die, in his impoi-tant researches on the Influence of 
tlie Brain on the Action of the Heart and Animal Heat, has 
shown, first, that after decapitation the animal heat diminishes 
several degrees in one hour, notwithstanding the artificial infla- 
tion of tlie lungs ; and, secondly, that the animals decapitated 
and inflated cool more rapidly than those killed merely oy the 
section of the spinal marrow under the occiput ; and thus, after 
decapitation, no perceptible quantity of heat is produced. I 
propose in this paper to analyze these important results, and in- 

a uircf in what manner the nervous system can influence the pro- 
uction of animal heat. , 

Ah preliminaries, I shall mention soiiie considerations neces- 
sary for the better understanding of the facts aflervvards to be 
related ; viz. 

1. The Pliaiionicna <)f Death hi/ CoUL — In a great number of 
experiments made witli^uy friend Dr. Prevost, (yet unpublished) 
we have seen in dogs j* placed in the cold bath, death take place 
at 2(i® ceutigr., and below this point in proportion to the slow’- 
ness of the refrigeration of the body. At the autopsy we have 
found a nearly tutar extinction of muscular irritability and peris- 
taltic motion, blood, coiiiinonly arterial, in the lungs and aorta^ 
and some serum in tlie ventricle of the brain. 

2. The Progress of Refrigeration after Death , — I propose to 
compare this refrigeration with that which happens after the 
wounds inflicted on the nerves, in order to determine the in- 
fluence of this system in the production of animal heat. 

Exper, 1. — In an animal which died from syncope soon after 
the section of the spinal marrow, the, initial temperature being 
at the moment of death 1 found that 

From 40d)® to reach 3 1/7 .... 30^ were employed. 

31*7 23*9 .... 7 0 

• 

Dividing the number of degrees by that of the hours employed, 
we obtain, what 1 shall call hereafter, the av^mge refrigera- 
tion, I. e, the average diminution of animal heat in o»e houl be- 
tween such limits as we think proper to choose. , Adopting the 

♦ 

* FSrwcntcd to tlie Aouitiny of Scwnce* on May 1 5, 1 StO. An ajctract of ^lia 
^ already appeared. b Antialia de (Jiimie aide tlie pre^nt 

nUdle wa» tran«Iiited, wi<|t Homa variatiorai and addtdoiis, hf thes audior, during his 
late a^Menca in ;|^don.-^Sd." * ' ' 

f All die ctpferimeaits related in this paper have bean parforroed on doga. 
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limits of <1^ 32° to ® preceding date. 

Average refrigeration, first limits = = 2\i/° perhoram 

, ' second limits = = Ml° perhoram. 

m » 

After these preliminaries, I enter upon the proper subject of 

*^To mT. Brodie’s experiments, the following objections might 
be made; 1. niat pulmonary inflation after decapitation is a 
cause of refrigeration capable alone of killing the animal. 
2 That the section of the par vagum, and consequently the 
decapitation, produces an infiltration of the lungs which alters 
the chemical processes of respiration. It is iiecessarj', there- 
fore, to examine what effect such w'ounds of the biain which 
do not interrupt the respiration would produce, and still Jeave 
the lungs under t.lie influence of the jiar viigum. 1 succeeded 

by the following experiment ; , 

* £;xpcr. 2. A verlicuf section of the brain w as made a little be- 

fore the pons varoli : spontaneous respiration : death the 12t,h 
iitrur, with all the signs ot death liy cold. T^he animal heat 
descended from 40= to 24°, but in a progression a little different 
from that of the refrigeration after deaYh (Exper. !), as shows 
the detenuinatiou of the average lefrigeration between the 
limits chosen lor the first expeiinient. 
experiment : 

40-0“ - 31 

Average refrigeration = 


1 find in the second 

per horam. 
per horam. 

Erpfr, 3. — Violent commotion cf the brain followed by a 
complete loss of sensibility^ and the cesstition of respiration* 
Artificial inflation of the lungs during *the whole experiment. 
Death the 1 Ith hour at 22; 3^. 

^ ^ - _ .S9 S® — 31*7° 0.1 70 

Average rcino^cration = — "-r-r . — - — ^ 1 / 


*2^ 30' 
‘]|.7o — etKP 


. 3ft 60' 

31 — ‘i3-n° 

lih ■ 


= 1-30°. 


Op ium acting especially on the brain, its induence on animal 
h^was tried in the following experiment : 

Exjper.‘4.— Injection in the jugular vein of 03 of gram of 
crude opium boiled in 16 grammes of water. Death the 22d hour 
at 22-8'° 


Average refrigeration 


S9^ _ 81-90 

' , Sb jo' 

31 - 9 ° - 83 - 0 * * 


2*26®. 


IS' S' 


s= C*53®. 
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Comparing the average deduced from the first part of the 
second, third, and fourth experiments, viz, 

Section of the brain T 2-93® 

Violent commotion 2*17 

Opium 2*25 

Average. ? 2*45 

We see very different experiments affording nearly the same 
result. I t was then natural to deduce the existence of a general 
cause independent of the form of the experiments, and which, 
in these three instances, had acted in an entirely similar manner. 

Now the circumstance common to these three experiments 
being the more or less complete abolition of tlie functions of the 
brain, it was natural to enquire if it was not in the organs placed 
under the immediate influence of the brain, that the real cause of 
the diminution of animal heat would be found. Two queries to 
resolve presented themselves : the one, to inquire whether the 
refrigeration did not deiiend on the ces.sq^lion of the influence of 
the par vagum; the other, whether this same effect did not 
originate from the paralysis of spinal marrow. I am to detail 
the results of tliese two series of experiments, beginning with 
tliose which relate to th^par vagum. 

I. Section of the Par Vagnm, 

Legallois concliidc^d from his experiments, that after the sec- 
tion of the par vagum the animal died from asphyxia, occa- 
sioned by the infiltration of blood, or serum, into the substance 
of.the lungs. My own researches, though confirming the truth 
of this observation in young rabbits (on wliich Legallois seems 
to have principally operated) induce me to doubt this assertion 
as to its generality. So far from dying from asphyxia, I found 
arterial blood in the substance of the lungs of full grown dogs, 
and sometimes in tlie aorta itself. The cause of death in such 
animals is the progressive dimiiiutioi\*of animal heat; for life 
ceases only when the refrigeration is great enough to produce 
death necessarily, and independently of evJjry other cause. 

Exper. 5. — A tube was introduced iato the trachea to prevent 
the dyspnea consequent to the section of the ner?es» The two 
pneumogastric nerves were cut. Death took place the 60th hour 
at 20*7° Durin'g the 36 hours, immediately conaipcutive to ifce 
operatiem, numerous oscillations of the animal heat Wei's Ob- 
served between 36° and. 38'6°. . 

In three sections of the par vagum, the average refrigeration 
per hour was for the first part of the experiments ; 


40 
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Exper. 6 


Exper. 6 

0-25 

Exper. 7. 


Average. 

0-26 


Comparing thic average with that of the Experiments 2, 3, 
and 4 (which wis have found to be2-45'’), we see that the animal 
heat diminished 10 times more rapidly in these last experi- 
ments. The mfluence of the par vagum cannot, therefore, 
explain the quickness of the refrigeration occasioned by acting- 
upon the brain; which conclusion is also confirmed by the 
result of the fourth experiment, in which we have seen the 
animal heat diminish rapidly, though the respiration was per- 
formed freely. 

For the second part of the experiments, however, we do not 
find more than this difference in the average refrigeration, as it 
appears from the following table, which comprehends both the 
section of the par vagum, and the refrigeration after deatli : 


« Avcragjc refrigeration. 

(Second part of exper.) 

Exper. ]. (Refrigeration after death) — .... M P 

Exper. 5. (Section of the par vagum) T0(i® .... — 

Exper. 7. (Sebtion of the par vagum) 1*47 .... — 

Average. 1*26 1*2() 


I conclude then that after the section ^f the eighth pair, tlu* 
production of animal heat is yet taking place, though in a dimi- 
nished proportion, as long as the temj)erature of the body reinaiim 
higher than about 32®, but below this point, the animal cools as 
if it were dead. 

I pass now' to the second cf the two queries proposed. 

f l. Lifluence oj the Spinal Marrow on Animal Heat, 

(o.) Sections (f the Cervical Part of the Spinal Marrow . — All 
the sections performed vn this part of the spinal marrow pre- 
sented the same results, whether artificial respiration w'as per- 
formed, as in the superior intervertebral spaces; or the respira- 
tion was quite free, as iif the inftnor of these spa( 2 es. It will be 
sufficient, •therefore, to present in this extract one only of these 
experiments. 

8.— fSection performed between the last cervical and 
th% first* dorsal vertebra. Death the 10th hour at about 24®. 

A * /» • . 4(H)® — 

Average refrigeration 2 s= — " = 2*80® 

As it appears from this experiment, we find in the whole 
length of the cervical part of the spinal maiirow* the same av^erage 
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diminution of animal heat in the section of the 
then no longer possible to admit that the animal heat is under the 
immediate dependance of the brain, and it is natural to conclude, 
that decapitation influences animal heat so remarkably only fro 
the influence exercised by the brain on the functions of the 

^^(/>!) '^^ctions of the Dorsal Portion of the Spinal Marrow. — 
Without entering int« the particulars ot any oK these expen- 
ments, which will be found In the original paper, I shall rebate 
Sily, that we see now, for the first tune, a ptienomenon wbch 
we did not observe in any of the former experinients ; viz. that 
from the section in the fourth or fifth intervertebral space of the 
dorsal part of the spine, the refrigeration of the body is no vnore 
continued, but is iJ.terrupted by a penod of S 

of variable duration (some hours), the true linage of a fit of foyer 
and characterized by shivering, a quick and ^ 

increase of animal lieat. Tins increase is in general the more slo 
and feeble as the section is made lugher up,* and has ^‘l^^ted 
the animal heat in the lower of these spaces higher ^ 

original standard (m the last of these spaces I 
the 12th hour from the operation 42;9 , ® ^ 'u" 

41-P). This complication preventing us from deducing the 
average refrigeration from these experiments as from the Preced- 
ing, fhave chosen for tligm another mode 
of comparing the greatest refrigeration observed m 
hours Lnsequent to the operation, without paying any attei - 
tion to the reactions which might happen in the ' f 
on this principle that flic f. .llowmg tah|e has been conducted . 

Maximum of icfrigeiation. 

3' 


• Exper. 
Exper. 


Exper. 9. 


Section of the brain ^ 

Section of the spinal marrow below 

the 7tli cervical vertebra o 

Sect, in the 1st. intervertebral 


Exper. 
Exper. 
Exper. 
Exper. 
Exper, 14. 
Exper. 15. 


10 . 

11 . 

1 * 2 . 

13. 


in 

space of the dorsum 

2d ... . 
3d . , .; 

4th .... 
,5th . — 
6\h ...’ 
7th . . . , 


7 

6 

5 

4 

4 

3 

2 


2 

6 

5 

6 
9 
2 
0 


* The following UWc ahowa the degree of refrigeration which liad jdteady taken 
reaction began to iimnif‘e#t • * 

Exper. 1^, Seodon in the 4th intervertebwl epace (dotwi M 
^ S5T 


Mr 

Exp« 14. ®*|» 

Exper. 15 2*i! 

Exper.lO. 

Exper, IS. . . . la . ..MUh 


40 *^ 


42 


Exper. 16. 

Exper. 17. 

Exper. 18. 

Exper. 19. 

Exper. 20. 

c 

I conclude^i 

1. That animal heat diminishes, in general, more slowly 
as the section has been performed lower down in intervertebral 
space. It is to be remarked that the numbers which relate 
to the eight superior of these spaces present a decreasing pro- 
gression nearly regular. 

2. The diminution being the quicker as the section paralyses 
a greater number of nerves, it is to this paralysis, and not to the 
local ahection of the spinal marrow (which is" always the same in 
every experiment) that the first phmnoniena must be attributed. 

Now the dorsal part of the spinal marrow being in communi- 
cation with no other nerves but the intercostals and the great 
sympathetic; as th(|‘ distribution of the first, exclusively to the 
external part of the cliest, does not permit us to suppose tneni the 
organs through which the nervous svstem acts on animal heat ; 
the great sympathetic is tlmrefore the only one which can furnish 
us wuth a probable explanation of iht phamomena. It was tiien 
necessary to act upon this nerve. 

Fortins purpose, the best process seemed to me to extract the 
capsulasubrenalisof theleft sideby mean|5 of an incision below the 
13th rib. As the great sympathetic nerve adheres firmly to this 
thin capsule, we are nearly certain of dividing it by this opera- 
tion ; and even in case of our failing in it sometimes, the yerve 
must necessiu’ily be so much contused as greatly to debilitate its 
functions, Iberefore, this process, how soever imperfect it 
appears, has been ever sufficient for furnishing decided results. 
In the tvvo experiments I present, 1 have obtained for the ave- 
rage refrigeration ; * 


Ur. Ckossat on the Infiueme of [July, 

BI aximuin of reftigeratioti . 

8th 1 9 

iith 0 5 

10th 2 

Hth 0 0 

12th 0 6 


* Exjjcr, 21 .—(Death V.th hour at about 27 ") — — = 1-90'' 

' 4»» O' * 

f 

♦ As to the autopsy in experitiicnts of this kind : 

1. I nevCT observe any hfemorrhage not indammation ; Ktill more, I have ftometimes 
enaeavouretfin imeh ca-ses to produce an inflammation by injecting in theplcfura or peri- 
neum acrid substances, as cantharids, &c. I could never succoed to produce it, 
death always happened before unequivocal signs ofinflammatioR couM be observed, 
instances, the nerve is found divided; sometimes, however, this it not the 
case, or me /or«/ disorganization produced renders it impossible to detemune whether it 
has been dmdid or not. It i» to be observed, that tile disorder in the parts situated 
near the gr^ sympatbctic neme could not have any influence in the production of the 
preceding ^senomeua ; for they are not observable after the extirparioii of one of the 
kidneys : the animal recovers perfectly well. 

3. A VOT remarkable »ym|>tom, I believe, I*have observed in evety ease after the 
division of the sympathetic nerve, is the diminution of the heart's mmg^ Some- 
bines thcammaleecma even to dje of syncope after wmthmm. 
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Exper, 22. — (Death 10th hour at about 2G®) 

The difference between the average refrigeration in these 
pxneriments, and in those in which the bfain has been acted 
nJon is easily acc'bunted for by the imperfection of the process 
efnployed, which acts on one of the great sympathetic nerves 

"“Being unable to clestrdy the action of all the brailfches of the 
.weat fivmpathetic nerves by acting on these nerves directly, it 
f , neared to me possible to prevent this action from having 
I nv effect by depriving tlicm of the materials on which they 
work With' this intention 1 tied the thoracic aorta immediately 
above its passage throuoh the diaphragm, by means of an mci- 
the' ket ^tercostal .,,ace. It, tl.ie 
was divided in two parts; the one composed of the abdomen 
and hind parts entiidv dead ; the other comprising the thorax 
mid headVerfectlv alive. These two portions of the animd 
cooled precisely with the same (pnekness, and what is worthy 
of notice the' dead part has always remained in an average of 
0 . 7 ° oi'o’ts' higher than the living one. Tlie. average refrigera- 
tion lias been : 

bper. «3.-ln the r.ctum = H'"'' ‘l>' 

lifth hour. • _ 

In the (esophagus = y 

the tifth hour. 

thereeV,,... = = 2'7.C. Death the 

second hour. 

, .ST-S® - 81-0'7 n.^70 -Dpath 

In the msophagus = — — -2 to • tJeatn 

IV "hete experiments, we find the whole average refrige^- 
tion furnished by the experiments 111 which the 
upon restored. They terminate, for tins reason, the expert 
luental part of this inquiry . The rest of tfns paper Presents that 
explanation which seems to me %o be tlie moi?t probable oft 
influence of the section of the par vagmnwm animal heaV But 
as this inquiry could be treated in an ^fP^^^^tital m^ner, tt 
seems to me useless to relate in this extract the theory I ofler^ 
on this occasion. . " 
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Article VII. 

Memarks on Oil and Coal Gas, in ansicer to Mr, Low and 
v4 Subscriber,'' By M. Ricardo, Esq. 

(To the Editor of the Annals of Philosophy,) 

I MUST again request your insertion in the Annah, of a few re- 
marks on a paper by Mr. Low, in the Philosophical Magazine of 
April last, which is a reply to my former statement respecting the 
comparative advantages of oil and coal gas. I will endeavour, 
for my own and your readers’ sakes, to be as concise as possible, 
and to do no more than correct the statements, or rather mis- 
statements, of that gentleman. 

He begins by calling in question my correctness as to the 
quantities of light produced from oil and coal gas. In reply 
to his observations on this point, I need do little more than refer 
him to the excelle/itand truly philosophical paper by Dr. Henry, 
wdiicli uas read before the Roval Society, and has since been 
printed. It is there shown, as was known before, by those accus- 
tomed to oil gas, that a veiy great dift'erence exists in it, according 
to the mode in which it is prepared ; how very much inferior the 
average of what he procured was to that which was furnished iiim 
l)y yourself, from an apparatus of Messrs. Taylor; and, again, 
how superior the latter was to the coal gas obtained from Wigan 
coal, which, in a former paper, he proved to be one-third better 
than that produced from common coal. From Dr. H.’s experi- 
ments on the combustion of these gases by oxygen, .taking 
the average of the specimens he obtained from Messrs. Taylor, 
and the average of the coal gas he obtained at one hour, and 
at five hours, it will be found that the former contained 40 
per cent, of that peculiar gas, from which these gases derive 
the chief of their illuminating power, and Wjgan coal gas 
10 per cent., and ^hat from common coal only , Thus 
r it is not only possible*, but Inghly probable, that the gas which 
•Dr. lire tried, and whose tesUmony forms so triumphant a note 
to Mr. Low’s paper, twas of a quality similar to that produced 
by Dr. Henry, and very unlike that from Messrs. Taylor’s 
apparatus, 'fhese gentlemen have been for many years em- 
ployed in bringing their apparatus to perfection ; and how far 
.they have 'succeeded, no other testimony need be quoted than 
that to which 1 have referred. It is needless to remark that 
my expefiments wqje tried with gas procured from a similar 
one, and that the results of a number of them, tried in va- 
rious ways, were invariably the s|Lme. A single jet flame, is- 
suing from an orifice of 60th of an inch in diameter, and 
l.| inch high, gave a light equal to one mould tallow candle. 
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i^”tn the Doimd ; and of six of these jets, consuming one cubic 
tot of larger hour, e.vc a light oq..al to .ix of the above- 
mentioned randies. Mr. Low has argued upon thi.s point, but 
he has shown nothing to disprove it. In estimating the quan- 
tity of gas prodncgfl from a given quantity of oil, at 100 cubic 
feet %r gallon, 1 am borne out by the most correct information 
which 1 can obtain from various places where oil gas is used, 
where the average quantify of gas obtained rather exceeds what 

^ ^Mr^ Low^next endeavours to prove my statement contraihc- 
torv because 1 say that oil gas requires no purihcation, but 
thaUtis passed through a wash vessel ; and 
oortunitv of asserting, that in some places, where oil gas is 
used tlfe parties have been threatened w ith an indictment lor a 
nuisance, for allowing the water through which the oil gas passes 
lo run down the drains. Without thinking it necessary to en- 
uuire whether there is any analogy between the passing of oil 
.ras through water, to condense any vapour that may come over 
with it, and the separation of sulphuretted hydrogen from coal gas, 
bv mranl of lime, I would ask Mr. L. where it is that the par- 
tils have been so threatened, and from whence he could possibly 
have obtained this information ! In contradiction to this sti^te- 
ment 1 think I may assert as a positive luct, that m no one in- 
stance whatever, where oil gas is made with a proper apparatus, 
tii'it is the apparatus made by Messrs. Taylor and Martineau, 
and I know of no others, does any water, winch comes in con- 
Set with the „,l gas, eve, pass do.,, any ra.o Af ana ^ 

ther authori'/ed to assert, a circumstance 

acquainted with, that, from a late improvement m the condens- 
ing vessel, the oil gas does not pass throngh, or come in contact 
with, 'any water at all, until it reaches the gasometer. 

I think I have pretty clearly proved that ray statement that 
oil gas requires no purification is perfectly ^ j 

Mr ^ Low been better acquainted with its nature, he wou 
not have hazarded the observations he lias 
In the Durifying of coal gas, (for no one will deny that that re 

quirrapurifiLtfon,) I believe t‘‘aV'’V'Tral7th«^re 
exoerience that it is not completeli/ effected; and there are spe 
ciiLns of pipes to be seen which have been’so acted upon by 
ibis CIS to be dlmost impervious* ^ 

I should hardly have condescended to notice the 
astonishment which Mr. Low expresses at the quantity of ga 

which I have stated 1000 lights will 

longest night, and the number of retorts required to 

but® that some might suppose, ^from Ms 

and italics, that I had advanced somethmg very 

referring to toy paper m the Annals ior Mw«h last, ^ 

seen that, for the sake of argument, I supposed two ^tahiiAv- 
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ments of oil find coal gasfor 1000 lights, one consaDaiDa; 2,000 000 
the other 7,000,000 cube feet. 1 merely stated the number 
of lights hypothetically, applying equally to both establishments. 
It was a matter of no importance whether I stated 1000 or 
10,000 lights, my deductions were from tlie quantity of gas pro- 
duced and consumed. Had I stated 1200, or 1300 lights, in- 
stead of 1000, Mr. Low would have lost tlie opportunity of ex- 

E ressing- so much astonishment, although the argument would 
ave remained precisely the same ; and 1 believe it will be found 
that, in estimating the quantity consumed during the longest 
night, I have rather under than over-rated it. 

The number of retorts required for an establishment consum- 
ing 7*000'000 cube feet of coal gas annually. I have taken from 
Peckston’s work, the best authority extant. 1 have made al- 
lowances for wear and tear, and repairs ; but 1 have done that 
as largely in the number which I have estimated for the oil gas. 
As for the improvements which Mr. Low mentions, i have heard 
of many that have been proposed, but of none that have been 
sacces^ully put in execution. 1 believe a great manv have been 
tried, out have most generally been abandoned. 

Mr. Low has stated, somewdiat triumphantly, what has been 
done, or rather what is doing, at Derby, to prove the decided 
superiority of coal over oil gas. Gas is there to be furnished at 
the expense of the contractor for Is. Sd, per 1000 cubic feet, and 
delivered into the company’s gason'ieter; for which they are to 
charge 7s. 6d. to the consumer, and they expect to derive a 
profit of 10 per cent. Without thinking it necessaiy to remark 
upon the disproportion between the cosi and selling price, 1 will 
just examine the correctness of the above statement. 1 have 
been furnished with a printed rate table of the half-yearly prices 
of the Derby gas light burners, and a most curious table" it is. 
Retailing gas, from the light of a farthing candle up to a large 
argand burner, — the method by which the quantity of gas that 
passes through one of these burners is regulated, so tkat each con- 
sumer may have precisely his quantity and no more,— ^the mode on 
which their cocks are so constructed, that the full turn shall be 
^the maximum, — and the exactness with which the pressure of 
the gasometer shall at all times, and under all circumstances, be 
equmised, are, I suppose, amoag some of those late improve- 
ments that have been ^uded to. That the company mean to 
keep strictly to the letter of the contract on the part of the con- 
sumer, is evident from the threats they hold outof penalties, fines, 
-«ad taking before magistrates ; all of which most be a great re- 
<9onuQsndmion to induce persons to become consumers. We will 
now examiiie the correctness of Mr. Low’s statement, that gas 
is sold at 7s, Qd. pet KKX) cubic feet. If a person coatracts for 
a homer consummg five cubic feet per hour, tiU ID o’clock, the 
average time of lighfing will be 3 p hours per night, accordii^ 
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to the usual mode of calculating ; as ou the shortest day it will 
be from 4 to 10, = 6 hours; and on the longest day 9 to 10,= I 
hour ; giving the average of Si- hours. This, for 6 days in the 
week, or 312 in the year, will be 1092 hours, at 5 feet per 
hour; aud the fjuantity consumed will be 5460 cubic feet in the 
year.’ For thisli'e is charged, according to the table, 1/. 10s. bd. 
for the half-year, or 3/. Os. lOd. the whole year, or at the rate of 
something more than l,!^. Id. per 1000 cubic feet, instead of /s-. 
6d. The above statement needs not the slightest' comment ; I 
shall, therefore, make none. 

A statement of the Whitechapel-road gas light establishment 
now erecting, and which, with the prospectus, is lying before 
me, will be a sufficient answer to any observations that may be 
made on the amount of capital required for the erection of oil or 
coal gas works. The company in question give a decided pre- 
ference to oil gas ; they have engaged premises which, when 
completed and made fire-proof, will stand them in a rent of 80/. 
per annum ; they have contracted for laying down upwards of 
five miles of mains, of various diameters ; they have also con- 
tracted with the patentees for an oil gas apparatus, retorts, gaso- 
meter, iron tanks, all complete ; and, allowing for contingencies, 
the whole fixed capital required will be about 5000/. ; and 500/. 
more will be wanted to carry on the works, and this, I under- 
stand it is estimated, will produce about loOO'OOO cube feet cd 
gas in the year, sufficient for from 800 to 1000 lights. I beheve 
\t will be allowed that a somewhat larger capital will be required 
for a coal gas establishment of similar power. 

To the remarks mad^under the signature of “A Subscriber,” in 
the Annals for last mouth, I have only to observe, that I cannot 
undertake to answer individual objections on the part of parti- 
culm- coal gas companies. My observations on oil and coal gas 
are made generally, and before I admit the Subscriber’s asser- 
tion, that the burners in Sheffield are superior to oth^ burners, 

I must know whether other coal gas estabhshments are ready 
to admit it. The Subscriber admires my ingenious mode of cd- 
culating, but I tliink in that respect he very far exceeds me in 
ingenuity. If Mahomet will not go to^the mountain, he makes 
the mountain come to Mahomet vvith a vengeance; and, instead 
of admitting the usual mode of, calculating the number of hours 
of lighting, and the quantity of gas consumed, he has increased 
the length of tinle of the one, and the quantity of the* other, till 
he has squared them exactly with his former statement, and 
then seems to take credit to himself for his correctpeSB ; beside^ 
if his statement be correct, it speaks still more in favour of oil 

f as. There are few, I believe, who will not admit^the superior 
rilltancy of its light; and yet, at the oldest established public 
oil gas works, the avera^ quantity oonsumed aigand bunuas, 
anu by street burners, does not exceed l-l- cube feet each ; and 
this oalculation is. mdde from, fhe whole q uanti ty consumed, and 
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estimating the time from four o’clock on the shortest day and 
nine o’clock on the longest. 

I here take my leave of tlie subject as a controversialist. My 
statement of the advantages of oil gas, and the observations 
that have been made ftpon it, are before the puWic, and if I have 
succeeded in drawing attention to the subject, my end is an- 
swered. I am paly desirous of seeing the tw’o fairly in competi- 
tion, and then, time and experience will enable the public to 
fbran their judgment of which is preferable, and that which they 
find so will be most generally adopted. It has been from the 
strongest persuasion of the superiority of oil gas over coal gas, 
that I have been induced to come forward in its recommenda- 
tion. Whenever I am convinced that I am in error, I will most 
readily acknowledge it ; though, I must observe, that it must be 
by very different arguments from those which have been brouo'ht 
forward that such conviction can reach my mind. 

I am. Sir, your’s truly, 

M. Ricardo. 


Akticle VIII. 


Extract from a Paper] entitled, “ liecent Determination of the 
Proportions of Water, and if the DensHx, of some Elastic 
lluids. By MM. Berzelius and Dulom>-.* 


The authors of this memoir remark, that the decree of exac- 
titude to which chemists of the present day aspire has led them 
to adopt the relation between the weights of the elements of 
water as a standard of comparison. They then allude to the 
experiments of MM. Biot and Arago; and conclude, that if 
1-327, the proportional number assigned by them to hydrot'cn, 
be inaccurate, it must have been derived'either from an e'trd- 
neous estimate of the specific gravity of hydrogen or of oxygen 
or of both; observing, that the relation in volumes has this re- 
Viarkable advantage, tlwt being supported by a general law it 
does not admit of %riy error. ’ ’ 

The first thing to be resolved dpon was, the method of obtain- 
ing hydrogen gas in purity. The authors obseiw'e that for this 
purpose It is not requisite to use distilled zinc, it not being prefer- 
able to the zinc of commerce. They procured the which 
they employed by acting upon zinc with sulphuric acid and 
water; hnd they observe that if it be passed through a lube con- 
taining caiwtic potash slightly moistened, it loses its smell 
completdy, and is renaered perfectly pure ; it may then be dried 
by passi^ It over muriate oflime. Hydrogen gas thus obtained 
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wm used in the experiments described by MM. Berzelius and 
Dulong. The gas was then passed in a convenient apparatus 
over heated oxide of copper. The water thus formed Was, in 
some cases, received in a small vesse^ in a liquid state, 'ill 
order that its putity might be examined. In other instances, it 
was passed with the excess, of gas over muriate of lime. The 
water was found to be quite pure. The results of three experi- 
ments gave the following proportions of the gases as entering 
into the composition of water: 

Exper. 1 . 

Exper. 2. 

Exper. 3. . 

Giving a mean of 

Oxygen . . 

Hydrogen. 

100-0 

The mean of these experiiuents gives 12*488 of hydrogen to 100 
of oxygen, instead of I3-27, the number adopted. It is, how- 
ever, to be observed, that this agrees very nearly with the pre- 
vious determination of Dr. Thomson, according to which, water 
consists of * 

Oxygen 100*0 or 88-88 

Hydrogen .. .j 12-5 11*12 

lOO-W 

Having thus discovered an error in the usually stated compo;- 
nition of water, the authors proceeded to take the specific gravity 
of oxygen and hydrogen gases. 

The authors then notice the fact observed by Mr. Dalton, that 
when any gas which is insoluble in water is kept over it; the 
gaseous contents of the water rise and containinate the gas ; 
and to this cause tliey think it probable fhat the error of MM. * 
Biot and Arago may be ascribeo. In order to^ avoid this incon- 
venience, MM. Berzelius and Dulong covered the surface of the 
water with a stratum of oil. * 

In taking the specific gravity of oxygen,hydrogen, azote, and 
carbonic acid, the method adopted was to take the weigj|t of the 
exhausted flask immediately after each weighing of the fuUiiask«^ 

The oxygen gas used was prepared from chlorate pf pd^h; 
and to separate any carbonic acid which it might contain, ^ it 
was paasM over a strong solution of caustfc po^h. /nhe car- 
bou^ aeid was obtmned oy nitric feom white marble, mid 
passed over powdered crystlds of carbonate of soda before* it 
entered the receiver, 'Rie azote was |Mxmiired 

New? Series, vot* n, E 


Oxygen. 

Hydrogen. 

88-942 ... 

, ... 11-058 

88-809 ... 

... 11-191 

88-964 ... 

. .. 11-046 


88-9 


11-1 
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ainaK»n?a by chlorine ; the gas was successively passed through 
an fecid and alkaline solution. , „ , . . ^ j 

The authors then give the results of their expenmente, ana 
compar® them with those of Biot and Arago, to which I have 
adddd the determinatibn of Dr. Thomson. 

Specific gravity of gases acconiing to 

Beralms and Dulong. Wot and Arago. I>r, ThomMn. 

Hydrogen'.. 0-0688 0-07321 0-0694 

Oxygen.... 1-1026 M0359 Mill 

Azote 0-976 0-969 0-9722 

Carb. acid.. 1-524 .1-519 1-5277 

According to these deterniinaiions, the atoms of the gases will 
be represented as under : 

Berzelius and Dulong. Dr. Thomson. 

Hydrogen ^ 

Oxygen ........ 8*013 8 

Azote 14*184 14 

Carbonic acid . .. 22*1)1 

For the specific gravities of several other gpes, we refer to 
the original paper ; the experiments detailed m which appear 
to have been conducted with great care. W e may, however, 
observe, that if anv mixture of ga^es arising from the water 
over which MM. Biot and Arago made their experiments, i-en- 
dered their hvdrogen gas impure, and consequently heavier than 
it ouo-ht to have been, the same cause would probablv have 
produced a similar ell'ect ui.on the a/.ofic gas. Me no'v- 

ever that MM. Biot and Arago dctcrniinc this gas to be lighter 
than it w as found to be by the authors of tins memoir mthe pro- 
portion of 0-969 to 0-97t; -, and as Dr. Thomson more nearly 
^ees with the former than the latter determination, we are 
inclined to consider the specific gra vity of azotic gas to benearei 

0-969 tiian 0-976. 


» ARTIfLE IX. 

Tables of Temperature, and a Mathematical Dndopment o^he^ 
Caumand Laws of the Phwmmena whi^ haw 
in Support of the Hy})Otheses of “ Lalonjic Capacity, Latent 
, Heat Sc. ■ By Jolin Herapath, Esq. 

fTo the Editor of the Annals of Philosophy.) 

BEAE SIR, * CranJ^'i^^ 

Tif^ foHowing tables of temperature exhibit a 

the true temperature. ^according t5 my theoiy of 

degrees of Fahrenheit on the air thermometer, together with 
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the corresponding elasticities of a given volume of any kind of 
gas, or the corresponding volumes under a given pressure. The 
principal table is divided into four columns. In the first, 1 havii 
given some miscellaneous observations, extracted chiefly from 
Murray’s Systen^ of Chemistry, fourth edition, and Humbolt on 
Isothermal Lines, and arranged according to the degrees of 
Fahrenheit. Generally, however, 1 have not thyiight it neces- 
sary to interpolate the ti^file so as to make the observations stand 
against the precise degree of Fahrenheit at which they have 
been made ; but have considered it sutficient to place tliern 
against the nearest degree. 

In the second column, 1 have given the degrees of tempera- 
ture agreeably to my theory, from the beginning of the scale up 
to 3(K)0. These numbers are those to which all the others an* 
adapted. For the first 800, they are set down to every 10 degrees. 
From this point, which is 200 of our degrees below freezing, up 
to 1()30, nearly 100° above the point of boiling mercury, the 
numbers proceed by single units, and afterwards by tens. 

The third column contains numbers which show the expansive 
force of a given portion of gas under an invariable volume, •the 
temperature being the same as that in the second column ; or it 
shows the volume that a given portion of gas would assume at 
the temi)<‘rature of the second column, supposing its elasticity to 
continue invariably the same. These numbers are only the 
squares of the numbers of tlTe second column, with three of the 
right hand figures cut off’ for decimals. By this arrangement, 
we have 1000 in each column at the term of melting ice, which 
is a point the least, perl^ps, of any other in the whole scale of 
temperature affected by external causes ; and which, therefore, 
appeared to me to be the fittest for being the unity of the scale. 
By putting the term of melting ice 10(K), we also assimilate this 
scale of temperature as nearly, perhaj^s, us convenience will allow 
us, to the scales more commonly in use ; for supposing the elastic 
forces or the volumes of gas at the extreme temperatures of the 
iluidity •)! water to be as 8 to 11, there will be 1723-ths of these 
degrees of temperature to correspond with 180 of Fahrenheit’s, 
which, with respect to extent,viiave been found to be very con- 
venient in practice. ^ 

Another advantage seems to sft-ise from this construction of 
these cqlumns, which is, that if future observations should give 
a ratio in the volumes or elasticities of a given portion of gas, at 
the temperatures of water freezing and boiling, different from 
that ol 8 to 11, there will be no necessity for making ^ny differ- , 
«nce in the arrangement or relation of these two columns ; it 
will be only to put the boiling point a little higher or lower, as 
^experiments may direct. • 

fhe fourth column is the temperature of the air thermometer, 
according to Fahrenheit, adaj/ted to tlie expansion of air in the 
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thild column. It is computed from the formula ^ x (u- lOQO) 

4- 32 in which t) denotes the volume of the gas, 1000 being its 
volume at 32° of Fahrenheit. In these numbers 1 ^ve earned 
the calculation to tenths of a degree only, wh'ch is as near as 
we can generally depend on experiments, or, perhaps, nearer. 1 
have likewise, in the first 800 degrees, thought it sufhcieiit to 
compute the Fahrenheit temperature to avery hundredth ot our 
deo-rees From hence to 900, or 100 below the zero of Fahren- 
lieft I have calculated them to eveiy 10th degree, thence to a few 
deo-rees above the boiling of mercury to every degree ; for about 
90°degrees afterwards to every 10th degree ; and afierwards to 

every lOOth. . 

Thoii<^h I have thoujrht it sufiicient to carry the comparison 
betweeifthe true temperature and Fahrenheit’s indications to 
lOths of a degree only, yet in order that those who choose may 
carry it to hundredths, I'have computed it at every 10th degree 
to hundredths, and placed the difference of the 10 degreeslate- 

rallybetweenthe two 10 degrees. , 

By the help of these differences, and Table I. the true temper- 
ature to lOths of a degree, may be found, corresponding to any 
temperature of Fahrenheit within the limits calculated, and un-c 
vered - and by the help of the numbers under the titles of “ hlas- 
ticity'or Volume of Gas,” and Table 11. the Fahrenheit tempera- 
ture corresponding to any true temperature may be taken out to 
any degree of accuracy, or the contrary. 

TABLE 1. TABLE 11. 



S 


10 

11 { 

1 12 

13 

14 

15 

1 

0*8 

— 

0*9 

1*0 

1*1 

1*2 

1*3 

1*4 


2 

1‘6 

1-8 

2*0 

2‘2 

2*4 

2*6 

2*8 

3*0 

n 

24 

2*7 

3*0 

3*3 

; 3*6 

3*9 

4*2 

4*5 

4 

5*2 

^•6 

4*01 

1 4 * 4 l 4 * 8 ! 

5*2 

5*6 

6*0 

5 

4*0 

4-5 

5*0 

5*5 

j 6*0 

6*5 

7*0 

7*5 

6 

4*8 

5*4 

6*0 

6*6 

’ 7*2 

7*8 

8*4 

9*0 

1 

5*6 

6*3 

7*0 

7*7 

! H 

9*1 

9*8 

1 0*5 

8 

6*4 

7 ‘2 

8*0 

8*8 

' 94 

10*4 

11*2 

12*0 

9 

7-2 

8*1 

9*0 

9*9 

10*8 

11*7 

12*6 

13*5 

10 

8*0 

9*0 

10*0 

111 ) 

12*0 

13*0 

14*0 

13 0 


Increments of, or i 
elas.ofgas. j 

§11 
§ s'^ 

r 

1 

0*48 

2 

0*96 

S 

1*44 

4 

1*92 

5 

2*40 

6 

2*88 

7 

3*36 

8 

3*84 

9 

4*Sf 

10 

4r80 
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TABLE III. 


! True P'^®***^* % 

Observations. 1 iyolumeol Fahr. Observations. 


Trtie 

, volume ofj Eabr. 


5”a) 

324 '9 

so ^ 

30-4 

90 

48-1 

600 

00*0 275“, 

iO 

721 

20 

84-4 

S(B 

96-9 

40 

409 6 

oO 

22 -.5 

60 

.S5-6 

70 

48*9 

80 

62*4 

90 

761 

roo 

900 212 8 

iO 

50M 

20 

18-4 

.■'JO 

3t‘0 

40 

47 *6 * 

.*i() 

62-5 

60 

77‘6 

70 

92 9 

80 

608-4 

90 

24-1 

^00 

6400 MQ.g 

1 

1-601 

2 

3-204 

3 

4-809 

4 

6-416 

i 

•> 1 

8 025 

(i 

9 636 

7 

65 J *249 

8 . 

2 -.861 

9 

4-481 

00 

6-100 135*07 

11 

7-721 

12 

9-844 

13 

660*969 

14 

2-59(> 

15 

4-‘»25 

16 

5-856 

17 

7-489 

IS 

9-124 

19 

670761 

20 

2-100 125*25 

1 

4*041 

2 

5*68 j 

3 

7 -.329 

4 

• 8-976 

5 

680-625 ► • 

6 

7 

8 

SO 

1 

s 

s 

2-276 

S-929 

5-584 

7- 241 

8- 900 117*33 
690*561 

2-224 

3*889 
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Observatiom, 

True 

temp. 

Slast. or 
volume of 

Temp. 

Fabr. 

Obasrvations. 

True 

temp. 

Slaat. or 
irolume of 
^as. 

Temp. 

Fahr. 


834 

695-536 



892 

795*664 



5^ 

7-285 



3 

7-44» 



• <> 

8-896 



4 

9*236 



1 

700*569 



5 

801-025 



8 

2*244 



6 

2-816 



9 

3-921 



7 

4*609 



840 

5*6(K) 

109*31 


8 

6*401 



1 

7*281 



9 

8*201 



^ 2 

8*964 



900 

810*000 

59*20 


3 

10*649 

\ 


1 

11*801 

8-3 


4 

I8-3S6; 


2 

13*604 

7*5 


5 

14-0251 


3 

15*409 

6*6 


6 

15 716; 

N^itrous acid freezes. 

4 

17*216 

5*7 


7 

17*4091 


5 

19*025 

4-9 o 


8 

i9-io-;l 

Ammon liMjal jrasroti- 

t 0 

820 836 

4-0 


9 

720-80ri 

denses to a liquid. 

s ** 




850 

2*5(K) 

101-20 


7 

2*649 

3 1 



4*201 1 


8 

4*464 

2*2 


2 

5*904 


9 

6*281 

1*4 


3 

7 609! 


910 

81(K) 

50*51 


4 

9 316; 

Naturaltejiiperature 

^ 11 

9*9il 

49*6 


5 

731-035 

I at Hudson's Bay. 

s 




0 

2-736 



12 

831*744 

8 8 


7 

4*449 



13 

3 .569 

7*9 


8 

6-164 


Sulphuric ether 

i 14 

5*396 

7-0 Qt 


9 

7*881 


1 c#»geals 

s 




860 

9*600 

92 99 


15 

7 2V5 

6*1 * 


i 

741-321 


iNitrlc acid freezes 

i 16 

9*0.56 

5-2 


2 

3*044 


^specific gravity,! *42. 




i 

i 



'i 

17 

8I0*8:S9: 

4*4 

Greatest artificial 
cold yet measured. 

\ ^ 

4*769 

90*54 

i| 

18 

2*724 

3*5 


4 

6*496 

li 

19 1 

4*M»1! 

2*6 


5 

8*2^5 

! Liquid atnmonia 

{ 20 1 

6*4001 

41*73 


0 

9*956 


! cr>'atHlUzett 

i 




7 

751-65J 


i 

1 

8*^41 

40*9 


8 

3 424 

'i 

2 

850*0841 

9*9 


9 

5*161 


Solid mercurymelts. 

:i 

1*929 

9 1 


870 

6*900 

84*69 


4 

3*77(> 

8*2 


1 1 

8 641 



5 

5*625 

7*3 1 


• 2 

760384 


i 

6 

7-476 

6*4 S 


3 

2*129 



7 

9329 

5*5 


4 

5*876 



8 

86* 184 

4*6 

<• 

5 

5*625 



9 

3 *041^ 

3*7 


6r 

7*376 



930 

4*9(M) 

.32*85 


7 

9*129 


. 

1 

6*761 

2*0 


8 

77^*884 



2 

8*6M 

M 


9 

2*64 1 



3 

870*489 

30*2 


880 

4*400 

76*29 


4 

2*356 

9*3 


i 

6*161 



5 

4-225 

8*4 » 


2 

7-924 



6 

6*096 

7-5 i 


3 

9*689 



7 

7*969 

6*6 


4 

781*456 



8 

9-844 

5*T 

« 

5 

3*226 



9 

881*721 

4*8 


0 

« 4*996 



910 

3-600 

' 2.3*87 


7 

6*769 



1 

5*481 

3*0 


8 

8-544 



2 

7 -.364 

2-1 


9 

790*321 


4 

3 

9*2411 

» 1*2 


890 

2*106 

67*79 

♦ 

4 

89M36 

Sf)*.4 


1 

3-88I 




.5 

3-02.1 

.1 19*3 3 
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Tnie Temp. 

Ob««rvationi. * volume ofl Fahr. 


True ” 

Observationi. volume 


Mixture 2 iiarts al- 
i-ohol aud 1 water 
irecr^Ji 


Mixture equal p:irfj«| 
akruhol aud water; 
freere-i 


< oid by emial partMj 1 
mow and itmriatei > 


94§ B94*9i0 

7 6-809 

8 8 704 

9 900*601 

950 2*590 

1 4*401 

2 6*904 

9 8*200; 

4 010*1 16j 

5 12*025 
C 19 996; 

7 1 5*849; 

8 17*764’ 


960 021-600 


5 991*225j- 

6 9-156' 


070 010-900! 


jMcftn temp, at Pe- : 
ternburifh j 

Ditto at Dronthelnu 


Ditto at <;;uebec •••• 
I Ditto at St(x;kholtn. 


Ditto at Copenhagen. 

Ditto ut Paris 
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Article X. 

On the Chemiml Examination, Characters, and Natural Hht-Qf^, 
of Arraganite, exjilaining also the Causes oj the different 
^pedfic'Cravity of its different SuNVartelies. By Edward 
Daniel Clarke, ‘LLU. Proltssor of Mineralogy in the Univer- 
sity of Cambridge. 

(To the Editor of the Annals of Philosophy.) 

Cambridge^ June 19 , 1821 . 

About the time that l\Ir. Bel/oni published the interesting 
volume of liis Travels in Egypt, he sent to me for examination a 
fragment of the magrviticent Soro^y which he discovered in the 
sepulchres of the kings of Tliebe.s, and which has excited so 
much curiosity, from the description given of it by this enter- 
prising traveller. According to his account of that So?'oSy no 
relique, even of Egyptian splendour, has yet been fou»d of a 
more marvellous nature. It is cd’one integral mass, of a polished 
translucid stone, which he believed to be oriental alabaster,'* 
covered within and without with hieroglyphics, cut in the sur- 
face of the stone, and afterwards filled w ith a blue pigment, f 
which yet remains in thf^ several cavities. After a careful exa- 
minatiou of this suppo.sed alabaster, I had the satisiactiori to 
inform Mr. Belzoni, tlvat the nuiterial used by tlie ancient The- 
bans in the constriKition of this beautiful Soros was yet more 
remarkal;)le than he had imagined ; for tliut it consisted of one 
entire mass of arragonite. As no instance had ever occurred in 
the present state of our knowledge respecting arragonite, w here 
tins mineral had been before observed in equal magnitude, tlie 
opinion I had given of it was of course liable to be called in 
question ; but it w as soon afterwards confirmed bv'^ the testi- 
mony of one of the most illustrious chemists livihg, w ho consi- 
dered that no doubt w’hate\cr as to the real nature of this 
substance could be entertained..}: I 

In the examination, liowever, of the stfne used in the con- 
struction of the Thebiui SonfSy were not tlie other characters 

• 

* Tlie terms vrlental and ttccidcnial alahattUr are usually apjilied to two distinct spe* 
ties of minerals The oriental, or alabiistcr of the ancients, is a carbonate of lime* Ihe 
occidental, or alabaster of the nioderns, is a sulphate of lime. ^ 

i" This curious blue pigment is instantly reducible upon pipe-clay with & httle |^rax 
to a bead of pure copper, using the common blowpipe. It is, howwer, insmuble in the 
nitric, muriatic, and nitromuruitic acids, being a frit, or glass, whidi ccmtaiiis oxide of 
«(^per. a 

t Ur. WolkstoE, to whom I tmnsmitted a few gn^s tfidy 
received fitwn Mr. Belao&i, immediatdiy ptCBKiuiicsBd it to lie chmr 

The iMwcity,” said he, consist/ in tae magnitude of the 0|ieciineii y Oiie kind lOdSiK 
how large it may not be found f Why may there not be m-rngoMHc 

nmrhkP** , c: 
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decisive as to its being arragonite, its specific gravity might 
excite a reasonable hesitation ; because, although it agree with 
the specific gravity given of arragonite by Brochant,**^ fmm 
Gellert ; namely, 2*7 ; this does not correspond with Haiiy’s 
which makes the specific gravity of arragonite as 
high as 2’9. But the discrepancy, as will further appear in the 
sequel, admits of obvious explanation ; the one being the spe- 
cific gravity offStalactite arragonite ; the o^her, namely, that of 
Haiiy, the specific gravity of crystallized arragonite. J 

Previous to any additional remarks upon the nature of a sub- 
stance so paradoxical as arragonite is allowed to be by all mine- 
ralogists, it will be necessary to define specifically the identical 
mineral to which this name is here applied. By arragonite is 
intended a variety of carbonate of iime distinguished from com- 
mon lime spar in the following characters : 

1. Superior hardness, being hard enough, in some instances, 
to scratch glass; but in all to make a deep incision into Iceland 
spar, and even to cut iluor spar ; therefore called chaux car^ 
bonatee dare, 

2. Superior specific gravity when crystallized. 

3. A scopiform structure, often exhibiting diverging fibres, 
radiating from a common centre. 

4. Small fragments rendered opaque and friable in the flame 
of a common candle exhibiting also a rpoulderin^ dispersion into 
particles by means of the common blowpipe. Ihis mouldering 
dispersion into particles by means of heat is more particularly 
characteristic of the crystallized varieties of arragonite. It 
nevertheless belongs to the radiated arragonite in stalactites at 
the cavern of Antiparos. 

5. Phosphorescence, w’ith a green light. This property, 
however, cannot be considered as discriminative ; because it 
is also possessed by some of the sub-varieties of common car- 
bonate of lime. 

6. Irreducible by fracture into the primary form of carbonate 
of lime. Either exhibiting rhombi more obtuse than those of 
common carbonate of lin^e ; or, in some instances, disclosing no 
shomboidal fracture, * 

As long as arrago:iitc shall continue to offer the only anomaly 
in Haiiy’s theory of crystillization, and the cause of that anomaly 
shall continue to baffle the researches of chemists, so long will 
it be regarded as the most remarkable of mineral bodies. The 
analysis of no mineral,'' says Prof. Cleaveland,§ has ever so 

e 

• de>liR«ralogi€, mm. i. p, 5t7. Pariis 180S. 

t Trait© 4a JlHaemlogk, toai. iv. (4to E^t.) p. «40. Pam, ISOJ. 

^ J iiecaiactere a© }a p©jMUitcir ettt nec^HKoirc^ent f»aumia a qudqucs variatioiia, ioit 
a ratioa fi«i 4iiemits meiang^i, qut peuvent »c renomtrar 4am kis substaQaia qu*<m 
©atamine ipMa ae rapport, aoit a nhm d© la r^aasoa plus m moinii citacta, entre alka, de 
totttes lot maSikulea lnt©grant«ii qui aoiit entx^ daifti leu? fonnation.--<Bott»oii, Tnd 

vid. ijp, 14. JUmd. * ». 

§ Treatiseon llmcwdogyjuad Ckologjr, by Trat Claardand, p. ISO, Bofttoa, IlSlft* 
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much exercised the talents, exhausted the resources, and dis- 
appointed the expectations of the most distinguished chemists 
in Europe, as that of arragonite.” Fortunately the appdlatton 
bestowed upon it by Werner, who first separated it as a distinct 
species from Time spar, being merely borrowed from the name of 
tk Spanish province, Arragon, in which it was originally found, 
is not likely to convey any false ideas of its chemical nature, or 
to perpetuate the errors o'f those chemists whose ingenuity has 
been hitherto baffled in their endeavours to become acqua^inted 
with its constituents. Kirwan, 27 years ago, conjectured that 
it contained strontian ; and Prof. Stromeyer, of Gottingen, has 
iliscovered strontian in some of the sub-varieties; but it remains 
to be proved whether strontian be an essential, or only a casual 
constituent of arragonite. Mr. Holme, in a series of very 
accurate and elaborate experiments upon arragonite, proved that 
it contains a certain portion of water as essential to its chemicd 
composition; but he was unable to detect a single atom of 
strontian.i' In the uncertainty, therefore, still subsisting with 
regard to its chemical nature, it will be expedient to s^iow how 
much is yet known of its natural history, and what the dmerent 
appearances are which constitute its several sub-varieties. 

When it was first discovered, from its reseniblance to chloro- 
phane in its phosphorescence when heated, it was believed to 
contain fluoric acid.;|; •This opinion is noticed by Baron Born 
in his Catalooue Raisonnec, which was published at \ lenna 
in the year 1790; and he cites Crell’s Chemical Annals for 
the vear 1788, to show from Klaproth’s analysis <)f arra go- 
iiite, that the opinion is erroneous.^ In Baron Born s Catalogue, 
arragonite, for the first time, is made to class among the carbon- 
les of lime, lie calls it spatJt ra/calre, prismaf ique, vtoiet et 
blam:, a prime hexaMre troNfjue ml, des li mites entre l/Arragone et 
Vafence en Kspa<rm:' For a long time the insular hexagonal 
crystals described bv De Born, and brought from Spam, were 
the only examples of arragonite known to mineralogists. I hey 
were usually sold at very considerable prices ; sometimes-as high 
as a guinea each ; and owing to the demand, even for^ese,]] the 
<lealer8 in mineralogy anxiously soughit, in sales, and other |ila<!e^ 
for specimens of arragonite, jahich they dbmmonly denominated 
bard spar;” having no other criterion than its hardness to 
distinguish it from common lime spar, both effervescing in acids. 


• See Uic edition of .Minerab^,publi!^ m 

f See Obeervations on Arragonite, together with its Analyits, by me Rev J ha 
Holme, AM. FI>1. as read before the Linnean Society of Londoa, ApnJ 
X I possefss a mineral exhibiting an intermediate |>hciioiB«naa betwi^ 
non spar and airajeonite. It cannot be converted into lima by twi blowjw|p^ l/wing 

* - ‘ und the resemblance of its %ryit«ll|ne M 


to its 1 


conidcfered in Copenliageii an a nhoaphaite of Ibne. Wia ittbioiii canie Orewntad. 
§ €atdogucHethoc*j<|ucf!t Ri^iormei, dtc* par II . de Bom, tom. »• p. Sil* Vteima, 

{| ‘‘ U plnpart dea CAetaux says ()ount BottiWH ^ 

talogue de fa Collection Mlneralog^qae, p. 10. A Ijmdwe, t#I«. 
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mid both being reducible to lime by the blowpipe. One of 
^066 dealers, visiting himself the part of Spain where arragonite 
is found, afterwards imported into this country, a number of 
sub- varieties, differing ip their form and structure from the large 
hexagonal crystals of this substance. We ’ then became 
acquainted with plumose arragonite, splieroidal arragonite, and 
even earthy arragcnite. Presently all those stalactites from the [ 

mines of Styria, and other places, wliich'had been placed in 
cabinets among the carbonates of lime, under the name of Jlos 
Jh*ri, because found in iron mines, being found to possess the 
characters of arragonite, were added to the list of the sub-varie- 
ties of this mineral under the name of* coral/oidal arragonite. To 
this great increase in the number of the sub-varieties of arragou- * 

ite may, perhaps, be owing the observation of Brongiiiart, tliat it 
appeared to him to be impossible to fix any precise boiiudary 
between arragonite and the other varieties of carbonate of linie.^ 

The best chemists are, however, unanimous in their opinions as to 
the propriety of distinguishing these minerals from each other. 

In the year 1814, our Professor of Chemistry, the celebrated 
Tennant, discovered arragonite among the stalactites that had 
been brought from the caveiu of Antiparos, in Greece; and 
soon afterwards, it was ])roved by Mr, llolme, that tlie stiilac- 
tites, from the same cavern, wliich Mr. Hawkins had prt^seated | 

to the \\ oodwardian collection, w^eri; t^lso of arragonite. The j 

remarkable discovery of Professor Tennant (while it proved, ’ 

contrary to the opinion of the most eminent mineralogists and 
chemists of the clay, that arragonite might result IVoin a simulta- 
neous process with that by which calcaretAis alabaster is depo- 
sited, and that tlie stalactites, both of one and of the other, 
might be found suspended from the roof, or investing tlie sidi;>>, 
of the same cavern), tended to throw great light upon the 
natural history of this mineral. It strengtliens the opinion, that 
whatever may be the distinction between the two miueials, their 
difference is ‘not of a chemical nature. It also prov es, that 
masses of equal magnitude with any masses that have Intherto 
been discovered of calcarc*ous alabaster may also reasonably 
expected in arragonite. eonsequenily, it may be considered, as 
baving, as it were, opened the dqpr for the discovery made by 
Mr. Belzoni, as far as i4 affects the science of minemlogy ; 
because, by anticipation, it established the probability iKat 
masses of arragonite ec) nailing in magnitude even that of the 
Theban Sorosy would afterwards be recognized as of genuine 
arragonite ; aucT in the inspection of the substance of this Sorm^ 
notwithstanding its enormous size, it is evident that it was ori- 
ginally denosifed by the stalactite process. This appears in tlie 
variety of transkeid zones and layers which it exhibits, and 

♦ * II BC BOBS a pm part! possible d^assigner dc* lunites pr^^cises entre lVrra|K«Mtoi«t 
^ chjBDc <»irbonat^c.”-r(Tiaite ile Mideral^ey mk, Cpl TO. 
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which caused it, as a carbonate of lime, to be confounded with 
common calcareous or oriental alabaster. Its chemical and 
inineralogical characters are all of them those of arragonite ; and 
it possesses the discriminative marks which have been before 
stated as proofe of the identity of this mineraL It dissolves 
with vehement efiervescence in pure muriatic acid, without 
leaving any insoluble residue. When' sulphuric acid is added 
to the” solution, a disengagement of the muriatic acid imme- 
diately ensues, and the residue is a sulphate, which, as it 
is not wholly soluble in dilute muriatic acid, and from other 
trials,* seems to contain sulphate of strontia ; but this requires 
further examination. Its specific gravity is 2-7. The specific 
gravity of the arragonite stalactites of Antiparos varies in the 
different specimens from 2-9 to 2-7 and 2*6, the difference 
wholly depending upon the degree of crystallization which the 
raineia.1 has experienced. When the crystallization is perfect, 
the specific gravity amounts to 2*9, because those stalactites in 
which an incipient crystallization only is discernible, are of a 
more porous nature ; the same degree of density does not take 
place in the mineral, air being admitted and held betwa^n the 
different fibres and layers. For this reason, the specific gravity 
of the solid hexagonal crystals of arragonite from. Wragon equals 
always 2*9; but the arragonite of the Quantock Hills Cavern, in 
Somersetshire, i' is exactfv 2-7 1, as estimated both by our present 
Professor of Chemistry, ?lie Rev. 1. Gumming, and by myself; 
thereby agreeing with'the specific gravity of the arragonite of the 
Theban Soros, discovertal by .Mr. Belzoni. ’The specific gravity also 
of the common coralloidal arragonite, or Jlos ferri, deserves to 
be noticed ; because no account of it has yet been published ; 
which made me the more desirous of malcing the experiment. 
Foi 'tliis purpose I selected a specimen from the mines of Styria, 
weighing 682y\tlis grains. By immersion in pump water, tlie 
weight lost amounted to 2.50Tijrths. 

Consequently its specific gravity being 2*725 strikingly corre- 
sponds with the specific gravity of the arragonite from the 
Somersetshire cavern, and also with that of the remarkable Soros 
which has given rise to the preceding observations, _ • 

From all, tlierefore, that has been now adduced, it is plain that 
the same specific gravity does not apply all the sub- varieties of 
this remarkable mineral ; but that its specific gravity may be 
greater or less as crystallization is more or less advanced. Some 

f triic mgolul)Ie Kulphate, after being exposed ft) the action of dilutt muriatic acid Jw 
tJie solution of the sulphate of lime, was exposed to a red heat in a platinuiiff ciiicilkl% 
and again placed in duutc muriatic acid), It was then caldncd at a hi^ tampe^ 

turc, and found to ha soluble in distilkd water; batbiifiiigea|KiBcdtoatn^^ whita 

pemclfi was speedily, formed upon the surface which fcM to the hattw> another aadl 
another pellicle suceeeding, until the whole substance in solutioii was precipitated, Tldi 
precipttate tinged the dame of bumliig alcohol of a purple^hiie) 
bddetMi m beotorbipiata;#st^^ , 

t Abottt seven indesftom Bridgewater, 
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remarks which I had made upon this subject were submitted to 
the Cambridge Philosophical Society soon after the fmgment of 
Mr. Belzoni’s Egyptian Soros arrived in Cambridge. Since that 
communication was made, having btjen occupied in the exami- 
nation of some minerals that w ere brought by Humboldt from the 
Andes, I found one that had been labelled Unortz passing 
into Extenrally it resembled Cryolite so much as to 

deceive a very eminent mineralogist. It had been found upon 
Chimborazo in* the kingdom of Quito at an elevation of 1 ’7,000 
feet ubove the level of the sea. It is barely hard enough to 
scratch glass ; but its lively effervescence in acids, added to its 
character before the blowpipe, soon made me acquainted with 
its real nature. It is in fact a very curious sub-variety of arra- 
gonite ; and it has the unusual property of assuming, first, a 
black, and afterwards an ochreous yellow colour, before the 
blowpipe, owing to a portion of iron which it contains. The 
specific gravity also of this mineral from Chimborazo is 2*7. As 
it differs from all the other sub-varieties of tlie hard carbonate of 
lime in the change of colour which it sustains by the a<'.tion ol* 
heat, we may venture to give it a name, founded on its locality, 
and call it Chimhorafile, although, perhaps, it may be some time 
before any additional specimens of it can be procured. 

Edw aki) UANihL Clarke. 


Article XI. 

f 

On the Carburet of Nickel. By Mr. William Ross. 

(To the Editor of the Auua/s of Philosophy.) 

SIR, Jime By 

About a year ago, being desirous of obtaining a specimen of 
pure nickel, 1 prepared some of the oxide from the impure nickel 
of the shops, following pretty nearly the process given by Dr. 
Thomson in the first voliftne of the fifth edition of his System of 
^emistry,p. 391. The^oxide I mixed with a small quantity of 
powderea resin, and made it into-a pa.ste with oil; it w^as intro- 
duced into a charcoal crticible, which w as placed in sand in an 
earthen one ; to this a cover was adapted, and secured by a lute 
of pipe-clay and sand. In a day or tw o, when the luting had 
become dry, the crucible with its contents was placed in a 
po^lerful* forge, and exposed to the most violent heat I could 
raise for aboyt three-quarters of an hour. By this process, i 
expected to have a compact bright button of nickel : however, 
I only obtained a piece of imperfectly fused metal, having the 
aspect of plumbago, and soiling tht» fingers precisely as that 
substance does. I was desirous to get rid ef this plumbago-like 
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substance, a considerable portion of which was disseminated 
through the whole mass, and thought, that by again exposing it 
to a strong heat, in a clean eartlien crucible, without any char- 
coal, when it was melted, the sub^^tance would rise to the sur- 
face. I, thertj^jre, put it a second time into the forge without 
any admixture of carbonaceous matter, and kept it in an intense 
heat for some time ; however, the effect was not what I had 
anticipated ; — the pie^e ofrnetal was certainly sc gie what denser, 
and a portion of the substance had come to the surface of it, 
giving it the appearance of being coated with iodine, or mica- 
ceous iron ore, but it was so deficient in ductility, that I could 
not hammer it into a plate beyond l-lOth of an inch in thickness 
without cracking. 1 was discouraged in rny undertaking, and 
gave np the idea of possessing a speiumen of pure malleable 
iiickfd. The piece of metal 1 wrapped up in a bit of paper, and 
placed it among my other chemical substances. I had almost 
forgotten it, wdien, a sliort time ago, in looking for some other sub 
stance, it accidentally attracted my attention . On examining it wdth 
a little reflection, it struck me that this plumbago-like substance 
was a true compound of carbon and nickel, or a carburet oftiickel. 
No such compound Iras ever been described, I believe, in 
any of our chemical treatises; and indeed I am not aware 
any of our chemists have said a w ord as to its existence, except 
Dr. Thomson, who does just observe, that a combination of this 
nature has been hinted af, but, if* I recollect right, gives it as his 
opinion that a real carburet of nickel Iras not hitherto been dis- 
covered. 

Within these few (b^ys, I have perusetl M. Tupputi’s memoir 
upon nickel (see Annales de (Jhimic, tome Ixxvni): he plainly 
intimates tliat thisi metal is capable of uniting with carbon. It 
se? fus rather singular, that the Friuich chemist^s observation 
.should have met with so little attention; and as the circumstance 
of my meeting w ith tins curious substaiice appears to verify his 
remark, 1 have ventured (^tlurngh with no little diffidence I assure 
you, Sir, for I am quite a yauuig chemist) to address you on the 
subject. 

1 inclose you a snndl (jiiantiiy of the si\bstance to operate upoBy 
if you think proper, and to discover whethei* I am correct in my 
conjecture. It has been pulverized. I j)rociired it by exposing 
the whole mass to the action of itilute nitric acid ; the metal was 
dissolved, and it remained at the bottom of the vessel unaltered. 

I am, Sir, yours, with tlie greatest respect, 

WlLKlAM ROSS^ 
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Article XII. 

Anai-yses of Books, 

A Geological Clm^f cat ion of Rocks y with descriptive St/rmpses of 

the Species and Varieties, comprising the filernents of Practical 

Geology, By John Macculioch, MD. FRS. FLS. Vice Pres. 

Geol. Soc. &c. See. &c. 

It is probably known to our geological readers, that, except- 
ing some very imperfect attempts towards a work of this nature^ 
no classification and description of rocks has yet been published. 
The want of one has been much felt by every geological student^ 
and die present publication is intended to supply it. 

Dr. Macculloch has adopted a geological plan for the classifi- 
cation of rocks, and defends the superior advantages of it in an 
argumentative chapter of some length at the commencement 
of his hook. Our readers are probably aware that the cele- 
brated Brongniart had some time ago adopted a plan founded 
on the mineral characters of rocks. Dr, M.'splan is, therefore, 
similar to that of Werner, but he has made many important 
variations in the arrangement, as well as some considerable 
additions to the families of rocks. The principal difference in 
his method of arrangement will be found in the divisions of 
unstratified rocks wliich he has given, and which those who have 
read his work on the Western Islands of Scptland would naturally 
have expected to find. 

A number of preliminary chapters are occupied in general 
details respecting the natural history and characters of rocks ; 
and some space is ako occupied in a plan for facilitating the 
student's labours by collecting their general mineral characters 
in certain groups, and in an account of the characters of the 
closes into which rocks have beefi^vided. 

Tlie remainder of this work is occupied in the descriptions of 
the families, and of all tlje varieties appertaining to each, which 
the author seems to have thought requiring description, ot 
deserving of it. To^ give our readers a gkieral notion of the 
authors views respecting their families, or groups of rocks^ we 
subjoin his tabular view : 

, Primary Class. 

« " ■ 

TJnstratified. 

. Granite. 

Stratified. 

Gneiss, . 'Chlorite schist. 

Micaceous schist, Talcose schist. 
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Primary Class. 


(Stratijied continued,) 


Hornblende schist, 
Aclinolite schist 
Quartz rock, 

Red sandstone, 
Ai'gillaceous schist^ 

Second. 


Di allage rock, 
Limestone, 
Serpentine, 
Compact Telspan 

RY Class. 


Stratified, 

Lowest (red) sandstone. Limestone, 

Superior sandstone, Shale. 


Umt ratified, 

Overlving* (and venous) Phchstone. 

rocics, 


Occasional Rocks, 


Jasper, 

Siliceous schist, 
Chert, 

Volcanic rocks, 
Clay, marie, sand, 
Coal, 


Gypsum, ^ 

Conglomerate rocks, 
Veinstones. 

Appendix, 

Alluvia, 

• liigiiite, 

Peat. 


For the purpose of describing these ditferent families consistr 
ently with las plan, a gaologicai preface, a history of the re;la^ 
tions and general geological characters of each, is given. Tliis^ 
[iart of the w ork contains the elements of geology, as far as it 
relates to rocks ; those parts wj^ich relate to actions and events^, 
and to geological causes or theCities, being resdived for a general 
system of geological science, which the autlior, in his preface, 
insinuates to be nearly ready publication. 

'Hte geoloj^ical history of each family is followed by a syuop- 
tied table ol all the varieties or species i^ually included under 
ilv in which the author i^as inlroduced minute descriptions of all • 
those which he profesj|fe8 to havv thought dc^ierviag of notice, 
and within his reach, ^hese descriptions#are of such a nature 
as to enable a student to verify such speciiiians aa he may hate 
to examine, and to refer them to their generic place, or to thal 
which they hold among the families here adopted. 

A specimen of this work ; namely, that part which *belongs to* 
gneis, will be found in bis work on the Wedern IskM^ ; 

^ oiir limits will not now admit of a more fiiU diJtail of his plaa * 
and its execution, we shall defer it to soa^ fulufe niiiirbef ; but 
m the mean time as highly worthy of 

tae_^tice and examioatian of gedogi^ 

New Series, YOU It, f 


Analyses of Books. . [JuiY> 

11. Jonnial of a Voyage for the Discovery of a ^orih-west Passage 
from the Atlantic to the Pacific, perjormid in the Icars tHU, 
1820, f« his Majesty's Ships Hecla and Griper, under the Urders 
of IV. ii. Pany, BN. » 

It would l>e inconsistent with our plan to enter at any length 
into an analysis of this interesting work ; but there are some 
parts of it more particulurly connected with scientific objects 
which we have thought would be acceptable to the reader to 
see brieHy stated as notices, it is but justice to observe that 
Capt. Parrj ’s account of his arduous and perilous undertaking is 
written in a clear and manly style. 

On the Variation of the Magnetic Needle. 

Capt. Parry observed that, from the time he first entered Sir 
.James Lancaster’s Sound, the sluggishness of the compasses, as 
well as the amount of their irregularity produced by the 
tion of the ship’s iron, had been found very rapidly, tbougn 
iniiformly, to increase as he proceeded to the westward : tins 
irregularity became more and more obvious as he advanced 
to the southward. The rough magnetic bearing of the sun at 
noon, or at midnight, or when on the prime vertical, as compared 
with its true azimuth, was sufficient to render this increasing 
inefficiency of the compass quite appftrent. 

It was,' therefore, evident, that a very material change had 
taken place in the dip, or the variation, or in both these pheno** 
raena, which rendered it not improbable that he was making a 
>ery near approach to the magnetic poie. He afterwards wit- 
nessed the curious phenomenon of the directive power of the 
needle becoming so weak as to be completely overcome by 
attraction of the slyp ; -so that the needle might now be said to 
point to the north pole of the ship. It was only, however, in 
those compasses in which the lightness of the cards, and g*"®® 
delicacy in the suspension, had been particularly attended to, 
that even this degree of uniformity prevailed ; for, in the heavier 
cards, the friction upon the points of suspension was much too 
' »rreat to be overcome even by the ship’s attraction, and 
consequently remained indifferently in any position in which 
they happened to be placed. 

Captain Sabine afterwards observed when on shore at Frince 
Regent’s Inlet on Aug. 7, for the purpose of making rnagnetic 
observations, that the directive power of the horizontal needle, 
Mtidisfurbed as it was by. the attraction of the ship, was even 
here found to be so weak in his azimuth compasses, which were 
the most sensible, tkat they required constant tapping with the 
hand to make them traverse at all. . 

At Martin’s Island on Aug. 28 , , the dip of the magnetic needle 
was 25' 68", and the -variatioa was now found to have 
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changed from 128® 68' W. in the longitude of 91® 48', wh^rr 
the last observations on shore had been made, to IbS"' 50' 09" 
E. at this station, so that in sailing over the space included 
between these two meridians, they crossed immediately to the 
northward of the nfagnetic pole over one of those spots upontlie 
globe, where the needle would have been found to vary to 180°; 
or, in other words, where its north pole would have pointed due 
south. This spot w ould /in all probability, at this tijihe be some 
where not far from the meridian of 100® W. of Greenw ich. Capt. 
Sabine remarked, in obtaining the observations for the variation^ 
that the compasses, which were those of Capt. Kater’s construe-* 
lion, required somewhat more tapping with the Irand to make 
them traverse than they did at the place of observ ation in Prince 
Regent\s Inlet on August 7, where the magnetic dip was very 
nearly the same ; but that, when they had settled, they indicated 
the meridian with more precision. 

The azimuth compasses used in these observations were of 
i apt. Kater s improved construction. Ihese compasses werft 
originally constructed for the voyage of discov ery in 1818, and 
are described in the Philosophical Transactions for 1819, a fur- 
ther improyeinent having been made in them during the equip- 
ment of this expedition. 

In the course of these o])servations, two objects were designed 
to be kept in view ; it w^as riquisite, first, for the purposes of 
navigation, that the amount of the variation on the courses 
steered by the ship should l>e known, that her true direction 
iuight be deduced from that indicated by the compass ; and^ 
secondly, to these necessafy observations, it w as desired to add 
such as could be made without material inconvenience or delay 
vvitli the ship’s head placed on other points than those of her 
Humediate courses, for the purposes of exemplifying more 
♦ xtensively than had been done heretofore the irregularitieft 
which take place in the direction of compass needles in conse- 
quence of the attraction of the iron contained in ships. 

It was evident from a coursci of experiments that the commou 
centre of attraction of the sliip’s iron was forward and very 
nearly a-midships ; and that, consequently, w'iienThe ship’s head 
was north or south by the compasH, ithc directi (Jii of the earth’s 
magnetism and of the local attraction coincidiiig, the compass 
indicated the true magnetic bearing of objectsi 

The true variation of the needle, therefore, could be at afl 
times ascertained by azimuths observed with the ship’s jiead, or 
either of those points ; when the error with which the result 
iiiight be affected from local attraction might be reasonably 
expected not to exceed the other incidental errors to whiclh suiSi 
observations are necessarily liable* The irregularities in the 
direction of the compass proceeding from the ship’s iron 
atoned no pther practieal im>on^eiiience in her navigation than' a 
httle additional trouble in computing the day’s worls. 
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Au Account of the Experiments to determine the Acteletuiion of 
the Pendulum in different hutitudes. 

The nature of these experiments may be briefly described to 
consist ill ascertaining With the utmost possible accuracy at differ- 
ent Stations, the latitudes of which are correctly known, the num- 
ber of vibrations* which would be made by a certain pendulum in 
a ^ven time, were it placed at the level pf the sea, in vacuo, and 
at a certain temperature. This purpose is effected by setting up 
a dock containing the pendulum in a convenient and protected 
situation, and by observing the number of vibrations which it 
makes on an average of several intervals of 24 hours each, accu- 
rately determined ; the actual circumstances of the temperature, 
pressure of the atmosphere, arcs in which the vibrations are 
performed, and the elevation above the sea, being carefully 
noted, and their effects in retarding or accelerating the vibrations 
calculated and allowed for. This operation, which is sufficiently 
simple in description, proves less so in the performance, by rea- 
son of the extreme accuracy which is required in the results, 
and of the many causes whereby slight errors may be intro- 
duced, which demand the utmost precaution and watchfulness 
to guard against. 

The squares of the number of vibrations in 24 hours in the 
different latitudes are to each other as the force of gravitation in 
such latitudes ; and the difference between the polar and equa- 
torial diameters is deduced from the acceleration obtained by 
comparing the observations at each station successively with 
those at all the others. 

Two clocks were used in these experiments, being the pro- 
perty of tlie Royal Society, and the same which accompanied 
Capt. Cook round the world. The pendulums w^ere prepared by 
Capt. Kater, being each cast in one piece of solid brass, and 
vibrating on a knife-edge of hard steel, on agate plates ground 
into portions of hollow cylinders. 

The experiments were made in the present voyage, and in the 
preceding one in 1818 ; one only of the clocks was employed 
* on the first voyage, ^ut both in the second. 

The stations M which the experiments in 1818 were made 
are as follow : ^ * 

At Brassa, one of the Shetland Islands, lat. 60® 09^ 42" 0"' K . 
AtHare, or Waygat Island, inDavis'sStrait,lat. 70 26 16 0 N. 
At London, lat 51 31 08 4 IS. 

^ • 

"Hie stations of the present voyage were : 

In Londbn, latitud|i as before. 

At Melville Island, in the Polar Sea, lat. ... 74 47 14 36 N. 
And again in London on the return of the expedition. 

, The observations of the second voyfige are deserving of pmfc- 
cipal consideration for the following reasons : 
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1 The arc of intercepted latitude was greater than between 
any' two of the stations of 1818 ; the possible errors of observa- 
tion have consequently had a less influence on the accuracy ot 

the deductions. * i r 

2. The employment of two clocks afforded a means of procur^ 

iiiff double and corresponding results. Indeed as it happened 
fortunately that each jvpnduluin would fit into either clock, four 
corresponding results were obtained for the acceleration between 

London and Melville Island. , i • -i i 

3. The number of vibrations made by the clocks in London 
was ascertained by two distinct series of e^pernuents, one 
before the departure, and a second after the return of tne expe- 
dition ; the very near agreement of tlie results on these occa- 
sions proving that neither of the clocks, nor any part oi their 
apparatus, had sustfined any injury during the voyage, affecting 
their rate of going ; as well as aftoidmg a satisfactory inference 
of the confidence“which is d«e to this mode of experiment ; the 
number of vibrations in 24 hours in London was as follows ; 

Vibrations in a mean solar tlay . 

/.lanuaiw, 1819 86392-4513 

Clock 1. December, 1820 80392-3350 / 

, /March, IHp op u!ro-li T 86496-9855 

Clock 2. I December, 18?a 86490-9/41/ 

4 From the time -w liich was allowed for tiie experiments at 
Melville Island lieing i'uliy sufficient for iheir completion, the 
rate of each clock being determined by a mean ol 8o intervals ot 
24 hours each. ^ 

And lastly, from the correspondence m the results obtamea 
by the two clocks ; the daily acceleration of/he one on a mean 
of the experiments with botli pendulums, being 74-8151 vibra- 
tions, and by the other, 74-6528 vibrations. Ihe mean of the 

two therefore 74-734, is considered as tlie true acceleration ot 
two, inereioie, it • r no ni' A'" and 

a pendulum between the latitudes of />1 of 08 4 an 

74° 47' 14" 36'" N. . . . . • 

By comparing, in a similar manner, the experiments made m 
the wyao-e of 1818 with each otfier, the acceleration of the pen- 
dulum between the several stations at which it was tned, has 
been obtained as follows ; 

Vibration* in a mean tiiolai 4ay. ^ 

Between London and Brassa . f? 

London and Hare Island. 

Brassa lUid I ^ 

The foilowing table conyins the deducUras which bate been 

obtained by ca&uUitioih fcoDa these several remdte t 
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[July, 


From the acceleration 
between 


Diminution of gravity 
from the pole to the 
equator. 


Loudon and Brassa •0056066 . . 4 . 

London and Hare Islaiwl , . •0066139 . . , 
Brassa and Hare Island. . . •0055082 . . . 
London and Melville Island *00552f58 ... 


Borealis, 


Ellipticitv of tito 
earth* 


-rTT-T 

•rrV'ir 

TTTY 

\ 

TT^i‘ir 


On the evening of January 1 5, Capt. Parry saw the only ver>' 
brilliant and diversified display of Aurora Borealis which occurrtHl 
during the whole winter, of which Capt. Sabine has given the 
following account : 

^^Mr. Edwards, from whom we fust heard that the Aurora was 
visible, described it as fornsing a coiupiete\rch, having its legs 
nearly north and south of each other, and passing a little to the 
eastward of the zenith. Wlien 1 Ajiveut upon the ice, the arch 
had broken up ; towards the southern liunzon was the ordinary 
AuRora, such as we had lately seen on clear nights, being a pah? 
light, apparently issuing from beliind an obscure cloud, at from 
six to twelve degrees of altitude, exlendinL!: more or less toward>^ 
the east or west on ditt'erent nights, and at difterent times of the 
same night, having no deternnaed centre or point of bisection, 
the greater part, and even at times Hhe whole of the luminous 
appearance being sometimes to tim east., and sometimes to tin? 
west of south, but rarely seen in the northern horizon, or beyond 
the east and west points of the heaven?^ This corresponds wdtli 
the Aurora most commonly noticed in Britain, except that; it is 
there as peculiar to the northern as here to the southern horizon, 
occasionally shooting upwards in rays and gleams of light. It 
was not distinguished by any unusual brilliancy or extent on this 
occasion, the splendid part of the phenomenon being detached, 
and apparently quite distinct. 

' 1 ‘he iuiainous arch had broken into irregular masses, stream- 
ing witli much rapidity in different directions, varying conti- 
nually in shape and intensity, and extending themselves from 
N by E to S. If^Ahe surface of the heavens be supposed t(» 
be divided by a plane passing ‘through the meridian, the aurora 
was confined, during the time I saw it, to tlie eastern side of tlie 
plane, and was usually most vivid, and in larger masses, in the 
ESE than elsewhere. Mr. Parry and I noticed to each other 
that where, the aurora was very brilliant, the stars seen througii 
•it were somewhat dimmed,, though this remark is contraiy to 
former experience. 

distrihution\if light has beei;i described as irregular and 
in constant change; the various masses, however, seemed to 
have a tendency to arrange theiAselyes into two arche^^ 
passi tg near the zenith, and a second about midway, betwacafi 
the zenith and horizon, both having generally a north and south 
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direction, but curving towards each other, so that their legs 
produced would complete an ellipse; these arches were as 
quickly dispersed as formed. At one Ume a part of the arch 
near the zenith .was bent into convolutions, resembling those of 
a snake in motion, and undulating rapidly ; an appearance 
which we had not before observed. The end towards the north 
was also bent like a shepherd’s crook, which is not uncommon. 

It IS diflicult to compare the light produced by an Aurora with 
that of the moon, because the shadows are rendered faint and 
indistinct by reason of the general difl'usion of the aurora ; but 
1 should think the effect of the one now described scarcely equal 
to that of the moon when a week old. Ihe usual pale light ot 
the aurora strongly resembles that produced by^ the combustion 
of phosphorus ; a very slight tinge of red was noticed on this 
occasion, w hen the aurora was most vivid^ but no other colours 
were visible. Soon after we returned on board, the splendid 
part wholly disappeared, lea,ving only the ordinary light near the 
horizon ; in other respects, the night remained unchanged, but 
on the following day, it blew a fresh gah; from the N and KNW. 
This aurora had the appearance of being very near us, and we 
listened altenlively for the sound which is said sometimes to 
accompany brilliant displays oftliis phenomenon ; but neither on 
this nor on any other occasion could any be distinguished.” 

Noefiecl was produced by the aurora on the electrometer, or 
the magnetic needle. 

Efccln of Cold as observed by Copt. Parry al Melville Island. 

‘‘ On Oct. 29, the weather was calm and clear, and we remarked 
for the first time, that the smoke from the funnels scarcely rose 
at sfll, but skimmed nearly horizontally along the housing, the 
thermometer liaving got down to — 24°, and the,#nercury in the 
barometer standing at 29*70 inches. It'lfew became rather a 
painful experiment to touch any metallic substance in the open 
air with the naked hand ; the feeling produced by it exactly 
resembling that occasioned by the opposite extreme of intense 
heat, and taking off the skin from the pgrt affected. We found 
it necessary, therefore, to use great cautiondn handling our sex- 
tants and otlier instruments, particularlv the eye pieces of the 
telescopes, which, if suffered to touch lire face, occasioned an 
intense burning pain; but this was easily remedied by covering 
them over with soft leather. Another effect, with re^rd to the 
use of instruments, begqn to appear about this tin>e. Whenever 
any instrument which had been some time exposed to the atmo- 
sphere, BO us to be cooled down to the same temperatttre, was 
suddenly brought below into the chirrs, the vapour was instantly 
condensed all around it, so as to give the insttument the appear- 
ance of smoking, and tiie glasses were covered almost instknta- 
neously with a thin eliding of ice, the removal ol' which repaired 
great caution to prevent the risk of injuring them: until it had 
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graclnally thawed, as they acquired the temperature of the 
cabin. "When a candle was placed in a certain direction from 
the instrument, with respect to the observer, a number of very 
minute spicnla^ of snow were also seen sparkling around the 
instrument at the distance of two or three inches from it, occa« 
aioned, as we supposed, by the cold atmosphere produced by 
the low temperature of the instrument mlrnost instantaneously 
congealing into that form the vapour which floated in its 
immediate neignbourhood.^^ 

At noon on Jan. 11, the temperature of the atmosphere had 
got down to 49'^ below zero, being nearly the greatest degree of 
cold Capt. Parry experienced ; but the weather being quite calm, 
he continues, we walked on shore for an hour without incon- 
venience, the sensation of cold depending much more on the 
■degree of wind at time than on the absolute temperature of 
the atmosphere, as mdicated by the thermometer. In several of 
the accounts given of those countries in which an intense degree 
of natural cold is experienced, some effects are attributed to it 
which certainly did not come under our observation in the course 
of this winter. The first of these is the dreadtul sensation said 
to be produced on tlie lungs, causing them to feel as it torn 
asunder, when the air is inhaled at a very low temperature. No 
such sensation was ever experienced by us, though in going 
from the cabins to the open air, and vice versn^ we were con- 
stantlv in tlie habit, for some nionlhs, of’ undergoing a change 
of from to 100"^, and, in several instances, ot' tempera- 
ture ill less tlmn one minute ; and v/hatns still more ( xtraordi- 
nary, not a single inflammatory complaint, lieyond a sliglit cold 
which was cured by common care in a day or two, occurred 
during this particular period. The second is, the vapour’ with 
wdiicii the air»of an inhabiteii room is cliarged condensing into 
a shower of snow, immediately on tlie opening of' a door or win- 
dow communicating with the external atmosrihere. Iliis goes 
much bevond any thing we had an opjiortimity of observing. 
What happened witli us was simply this : on the opening of the 
• doors at tlie top and holtom of our batchway ladders, the vapour 
w^as immediately cf5hdensed bydhe sudden admission of the cold 
air, into a visible forirv, exactly resembling a very thick, smoke, 
whicli settled on all the pannels of the doors and bulk-heads, and 
immediately froze, by which means the latter were covered with 
a thick coating of ice which it was frequently necessary to scrape 
crfF- but we^never, to my knowledge, witnessed the conversion 
of the^rapour into snow ^during its fell/’ 

Oapt. Fdrry remarl|s, that the lower rigging of the ship became 
very slack during the severity of tlie winter, and again became 
tight as the warmer weajher carae^on. He mentions this feet, 
because the circumstance of ife becomiijg sladk by the 
sit variance with the accounts of other navigators. 

On Feb. 14 and 16, for 16^ hours, during which itme the 
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weather wae clear and calm, the thermometer fixed on a pole 
between the shins and the shore, never rose above — 54 , and 
was once during that interval, namely, at six in the morning, ^ 
low as — 55°. Some mercury was frozen dunng the continuance 
of this cold weather, and beaten out on an anvil, previously 
reduced to the temperature of the atmosphere ; it did not ^pear 
to be very malleable.in this state, usually breaking after two or 
three blows from the hammer. 

Bv fillin'^ small shallow boxes with mould, and plamng theta 
alono- the stove pipe in the cabin, even in the severity of the 
winter, Capt. Parry found he could generally 

titvofmustard and cress, in six or seven dap. though the_ fire 
was not kept in at night. The mustard and cress thus raised 
wore necessarily colourless, from the privation ot light, but p 
far as he could judge, they possessed the same pungent aromatic 
taste as if grown under ordinary circum^tpcp. 

The distance at which sounds were heard in the open air dtwing 
the continuance of intense cold was so great as constantly to afiord 
matter of surprise to him, notwitlistaudmg the trequeney with 
which he liad occasion to remark it. People might often be heard 
distim ilv conversing, in a common tone of voice, at the d^^tance 
of a mile. I.ientenant Beechv and Messrs. Beverly and tidier, 
n the course of a walk which led them to a part of the harbour 
about two miles directl/to leeward of the ships were surprised 
hv auildenlv perceiving a smell of smoke, so strong as even to 
impede the’ir breathing, till, by walking on a little further, they 
rrot rid of it. This •ircumstance shows to what a distance the 
smoke from the ships was carried horizontally, owing to the 
diflicnlty with which it rises at a very low temperature ot the 
atmosphere. 


Article XIII- 

Procccduii^^ oj Philosophiccil Societies, ^ 

ROYAL* SOCIETY . 

Map 31. — ^The reading of Mr. Ilerapath’s paper, on the 

A'bsolute Zero, was concluded. . .c » 

The object of Mr. Herapath has been to determinethe law oJ 
temperature, and the point of absolute cold, tar 
he contrived an apimratus for obviating the effects of * 

and, having mixed equal weights of m^ury ut a veiy highwnd 
low temperature, he carefully ascertained the temperature o 

***ln™e^^expertmettt8 o^ hts own, thus made, and two oflfc. 

Be Luc’s, he fottad’that the results followed a 'law 

(hey differed, at a meditaB, not more than l-lOth of a degree . 
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This law is, that th€ square of the tetuperature of a given portion 
of gas varies as the elasticity and volume conjointly; and, 
therefore, when either continues the same, the tem|>€ratiire is as 
the square root of the <fther. 

Hence Mr, Herapath finds, that the heat of boiling water is 
to that of melting' ice as v/ 1 1 to 8, or as M726 to 1 nearly : 
and the point of absolute cold he also determines in a manner 
independent of any theory of heat, from the principle of an air 
^ thermometer. 

These experiments agree precisely with a theory given l)y 
Mr. Herapath in the paper which he has just published in the 
Annals, on the Causes, Laws, &c. of Heat, Gases, and Gravita- 
tion, Avritteii many months before he undertook the experiments 
in question. 

June 7. — On the Remeasurement of Sir J. Shiickburgh’s Cube, 
Cylinder, and Sphere, by Capt. Kater. 

June 21. — On the Parallax of the Fixed Stars, by Dr. 
Brinkly. 

* GEOLOGICAL SOCIETY. 

March 16. — ^Fhe reading of Mr. Strangway’s paper on tlie 
Geology of Russia was continued. 

From the Baltic Isles, through Esthonia, the north of Livonia 
and Ingiia, up to Vitegra, at the south-fcast corner of Lake Onega, 
a strong and regular series of secoiulary rocks *is observabh’. 
The lowest is a pale greenish blue clay, which is surmounted by 
sand or sandstone, alternating in the neighbourhood of Peters- 
burg, with beds of shale. Above this a thick bed of limestone 
occurs, which is characterised by the same fossils that mark the 
limestone of Sweden and Norway, according to Von Bnch, * 

The northern salt district stretches in a liia^ parallel to the 
Petersburg limestone^ above-mentioned for 1000 versts, and 
makes its first appearance in the isle of Osel. It is worked in 
some parts of Livonia. Gypsum is also quarried in some places, 
and exported in large quantities to Petersburg from Riga. It is 
capable of a high polisfi, and much resembles the oriental ala- 
Wster; but true alaltaster has only as yet been found at Osel. 

On the south side, the valley of Novgorod is bounded by the 
ridge of the Valday hills, which, though they form the principal 
chain between the Baltic and the Black Sea, yet do not exceed 
800 or 900 feet in height. Their escarpment is greatest tow^ards 
the north. x\ll the chief rivers of Russia rise from them. Near 
tile town of Boravicliy, whiclvis situated at the foot of the Valday 
hills, are th^ falls or r^>id8 of Nista; and as the river, for nine 
or ten miles .above the town, runs between lofty and precipitous 
cliffs, exeeilent sections of the strata are exposed. Where the 
first ridp» of hfiis abuts a*gainst the itream, is a lofty perpendi* 
cular cliff, of which the upper part consist of a pale reddkh 
sand, pfesenting patches of a bright yellow colour towards Ihe 
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bottom : below is a black, sandy clay, mingled with pyrites, ai^ 
connected with a rugged ironstone, which contains charred wood. 
About six versts above the town of borovichy is the lower fan, 
where the sand appears in horizontal sftrata, containing thick and 
reo'ular beds of an argillaceous ironstone, which is an agglome- 
rate of charred wood and every sort of gdode. resembling the 
sandstone of the Pijpovca, and other streams, near Petersburg, 
ia superficial appearance. Above is a reudisl) sand, and 
below is a yellow sand, which presents a pseudo strati- 
fied structure. T.he next beds are blue limestone, which 
continues to near the water’s edge, and contains madrepores, 
resemblim'- those of the mountain limestone in Northumberland, 
and a very peculiar sort ot Briarean Ijiicnnite, the joints of which 
are extremely iinnute. Impressions of* large tufts of this encri- 
iiite cover the greater part of the surface of these hrnestone 
strata, bending sometimes in one direction, and sometimes m 
another. They an^ also found in the yellow and more sandy 
variety of this limestone, which is discovered within the bed of 
the liver. The latter also contains fragments of large,encrmi, 
corallines, and other marine fossils. 

At the upper fall, though the banks of the river are not so high 
ns at the lovver, yet goo^l sections of the limestone are piesented. 
it contains cheit and both the limestone and chert are 
varied with yellow and red patches, and pass gradually into 
each other, exhibiting several fossils similar to those above- 
mentioned. Below tliese beds, the pyrites and coal shale re- 
appear at the water’s edge. , , ' , i ^ 3 

The Nista, thougii in many places very shallow, and obstructed 
bv rocks, is of great importance in the internal navigation of 
lkis.sia, as it cuts through almost the whole breadth of the V al- 
day hills, and i^ joined by a canal to the Ivertza, which rises not 
far froi|i the source of the former, and flow’s southward, by which 
means a communication between the Baltic and Caspian seas 

has been effected. , , r 

A paper was read, entitled, ** Tsotice of the Discovery of a 
New Fossil Animal, forming a link Between the Ichthyosaurus 
and Crocodile, together with general Ewiarks on 
of the Ichthyosaurus, Fronfthe Observations of H.l* De la 
Beche, Esq, F. R. S. and M. G. S. iflul the Rev. W. D. Cony- 
beare, F. R. S. and M. G. S. Communicated by the latter.” 

This memoir contains a notice of the discovery of the re- 
mains of an entirely new animal, allied to tb^ order ^certa, 
among the fossil bones imbedded in the lias, to whiclyXhe nlme 
of Plesiosaurus has been assigned. This animal is 
resting, as exhibiting in its structure a link betweea tb^ exBttng 
genera of the above order, and tbe very remarkable genus Icn- 
tbyosaurus, or Pro teas^^A^, between which and the genus Cro- 
codile, it would oceupy an intermediate place in a tiatnral^^^^ 
rangement. The heau bones of this antinal yet remam^^ to^ 

' ^iscoveredv The vertebrm nearly agree with those of the cro- 
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oodile, in their ^aeral form, in the arrangement of their various 
firocesses, and in the suture by which their annular part is at- 
tached to the body; they differ, however, in having narrower 

n ortions, in their artfculating surfaces being slightly concave 
oth sides, instead of concave on the one and convex on the 
olher, in bearing the greater number of the dorsal ribs on a 
single articulating face at the jjnd of their,.tmnsverse processes, 
anil in the number of dorsal vertebrm, which greatly exceeds 
tihat in the crocodile. 

The bones of the anterior extremities are the most interesting, 
as affording double analogies to the Ichthyosaurus on the one 
hand, and existing reptiles on the other. The Plesiosaurus ex- 
actly agrees with the former in the broad, flat, and hatchet- 
shaped clavicles which distinguish it, but has a distinct humerus, 
radius, and ulna, in place of the single bone, which, in the Ich- 
thyosaurus, supplies the place of thesjs three. The paddle forms 
a very curious link between that of thM Ichthyosaurus and sea- 
turtle ; agreeing with the former in the number of its joints, and 
the rounded form of the external series of them, but with the 
latter in the form of all the internal series of phalanges. 

This paper also contains general remarks on the order of fossil 
remains to which this genus is allied, and, in particular, a re- 
gular osteological description of the Ichthyosaurus, the most 
original and interesting feature of whi<ih is, a minute examina- 
tion of the osteology of the head of that animal ; in which the 
existence of all the bones w'hich characterize that part in the 
lacerta tribe generally, and in the crocodile in particular, is de- 
monstrated by a series of careful dissections, and the true place ^ 
and relations of this animal thus satisfactorily ascertained. 

The principal deviations from the type of the crocodile are found 
to be such only as naturally arise from the more elongated form of 
the whole head, and from the bones being applied to ea,ch other 
with a squamous and overlapping suture ; the latter structure, 
which combines flexibility with strength, being probably de- 
signed to fit it for residence in the waters of the ocean, as the 
structure of its vertebraf column appears to have been to facili- 
tate its motions in tlv^l ^dement. The method of M. Cuvier is 
strictly followed throughout these descriptions. 


* . Article XIV« 

SCiENTlFlfc IjCtfTELtrOENCE, A.N0 NOTICES OF SUBJECTS 
CONNKCTEB fVITH SCIENCE* 

1, ^Succinic Aiid* 

M. Julin has favuured the editor with tlie follow ing notice : 

distillatiofi of this acid from amber in the general way |Wod«Mt»es 
it in a very small quantity ; by coarsely powdering ffie amber, iii^ 
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miKine to it previously to the distillatioa l-12th p^t sulphuric ai^ 
Sluted ^th ^ual weight of water, the supcinic acid will be produc^ 
in about twice the quantity got in the old wav. The acid « easily 
nursed by crystallization from sulphuroiw and sulphunc ac^ with 
whTch it will be found contaminated. I heUeve the addmg of sulph^ 
acid in order to increase the production of succimc acid was firat 
noUced in a late German paper: 1 have forgotten by whom : it was 
there advised that the diluted acid, after being nSixed with the an*®^ 
should be evaporated^ this makes the process tedious, nad is not, 
tcessary, L seveml experiments have convinced me ; the distillation 
if the mixture, without any previous evaporaUon, will be found mow 
idvaitaceous. I am not aware of this circumstance being noUced m 
ii; EilliT pubUcation; it may, therefore, be acceptable to your 

readers. n. Effects of Copper on Vegetation. 

Some time since I accidentally spilt some solution and oxide of 
copper near the root of a young poplar tree. S 

b^an to droop, the leaves on the lower branches dying first, a^ 
eSualfo thosVon the umpr ones. On cutting a branch fimm tlm 
Uee I oLerved that the fetiife was covered with copper to the whole 
breadth of the branch, .showing that the copper had been i*sorbed, 
Snd had undoubtedly proved fatal to the life of the tree. J am not 
aware whether this circumstance has been before remarked. Ld. 

III. Ignition occasioned hy Sulphuric Acid and Barytes. 

Mr Barry informs me that when concentrated sulphuric acid » 
iioured upoi caustic barytes, ignition ensues. This circumstance 
was first noticed on using the acid to determine whether the nitric acid 
had been perfectly expelled from the nitrate m preparing the caustic 
barytes, ft has been already noticed that light is evolved when su - 
pL^ric acid is poured ‘upon lime or magnesia, but I do not ^noW that 
firnition has been observed similar to that which I have now described. 
—Ed. 


Article XV. 

NEW SCIENTIFIC BOOKS 

Tir Adam Dods will shortly publish the Physician sGuide, betngk« 

»>d .11 D, 

i Briti.h PlUf, pnicetol by «. » 

A Sy»d«™«l.>gica Gbut, ot « f "J ““ 

Human Skeleton, by J. Dickinson, ^D. Is. ^ 

Tbo History ofUioBa^. as u lmlat^^ 

of Malta, Gozo, Coi^ 

illustrative of foe i^te^o Co^a^e of foet^sw^ TuUk. Bso. 8»w. 
of foe Meana adoptedTiw lto BneUoalMm. % JL D. laUf» «•% »*« 

10s. 6cf. • . ^ 


’ Nmi? Patents. 

Essays on HypochoDdriaais, and other Nervous Affections. Bv 
John Reid, MD. 8vo. 12s. ^ 

An Account of the Rise, Progress, and Decline of the Fever, latelv 
epidemical m Ireland, together with Communications from Physicians 
in the Provinces, and variouj* official Documents. By F. Barker MD 
andJ. Cheyne,MD. 2 Vols. 8vo. lL 3s. ' ' 

Culinary Chemistry, exhibiting the Scientific Principles of Cookery 
with Observations on the Chemical Constitution and Nutritive Quali- 
ties of different Kinds of Food. With Plates. t2mo. 9s. 6d, 

A M^ual of iVKneralogy ; containing an Account of Simple Mine- 
mis, and aw a Description and Arrangement of Mountain Rocks* 
By Robert Jameson. 8vo. 15r. 

A Selection of the Correspondence of Linnaeus, and other Natural- 
is^ from the Original Manuscripts. By Sir James Edward Smith. 
MD. 2 Vols. 8vo. U. 10^. 


^^^Elenl^ts^of the Philosophy of Plants : containing the Scientific 
iVinciples of Botany ; Nomenclature, Theory of Classification, Phyto- 

Ecography, and Diseases 
of Plante : with a History of the Science, and Practical Illustrations, 
By A. P. Decandolle and K. Sprengell, Translated from the German, 
ovo. Jor. 

General and Particular Descriptions of the Vertebrated Animals, 
arranged conformably to the Modern Discoveries and Improvements 
in Zoology. By Ldward Griffith. Part I. containing Order Quadru- 
mana. SS raloured Plates, 4to. J/, 5s. 


Article XVI. 

t 

NEW PATENT.S. 

James Henry Marsh, of Chenies-street, Tottenham-court-road, for 
improvements on wheeled carriages. — April 17, 1831. 

James Smitli, of Hackne)-, for an iisproveinent or improvements in 
the method or methods of machinery employed for shearinir or cron- 
ping woollen cloth. — April 18. “ * 

Alexander Law, of the Commercial-road, Stepney, founder, for an 

improved mode of forming boits and rails for ship fasteninas. &c — 
Mayl. i ei • 

William Thomas and J?«eph Lobb,«of Sithney, Cornwall, for « 
machine for cutting and preparing lay or lea ground for tillage with 
expence, and in a shorter time than by the present mode of 
piougbing ; and also for renewing grass land, lav’ or lea ground, with 
seeds, without destroying the surface.— May 1 . 

Bobert Delsp, ofBel^t, Ireland, merchant, for improvemeote in 
producing rotatory motion. — May 1. 

Richard Jones. Tomlinson, of Bristol, merchant, for an improved 
rafter for roofii, or beam, for other purpt^et.— May 3. 

Redhead, of Heworth, Durham, ens^neer and mariner ; and 
WQIiam Parrey, of East-lane, Walworth, nmster mariner, for certain 
latjHrovemente in propelling vessels. — May 5. 
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Article XVII. 


METEOROLOGICAL TABLE. 


1821. 
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, REMARKS. 

Fifth Month, — 1. Cloudy: fine toward* evening. 2. Cloudy. 3, 4. Fine, 
5. Cloudy: fine, '6. Sliowcry. 7. Fine. 8. Showery. 9, Fine. 10. Cloudy : 
fine. 11, 12, Fine. 13. Showetsw 14. Fine. 15. Showery morning : thunder, 
p.m. with large h^. 16. Showers, 17. Rainy. 18, 19. Fine. 20. Fine: cold 
wind. 21. Ditta 22. Cloudy: cold wind. 23. Showers: cold wind. 24. Cloudf 
anficedd. 25. Cloudy: rainy night. 26. Slight showers : some snow. 27. Cloudy: 
cold wind. 28. Showery: a thunder-storm in the neighbourh^d about five, p. m. 
with large hail and heavy raiB. 29. Fine. 30. jFim, 31. Fine. 


RESULTS. 

Wina*: N, NE, 6; E, 2 ; SE, 1 ; SW, 7 ; 1 ; NW, 12 ; Var. I. 


BarometeT ; Mnn bright 

?■ 

For the month. 29 930 inches. 

For the lunar period, ending the 24th. . . f 29*907 

For 13 days, ending the 1 1th (moon north) 29»922 

For 14 days, ending the 25t^<nioon sou^) * 29*883 

Thenpometer: Mean height 

For the month 50"225<> 

For the lunar period 51*620 

«r 

For SO days, the stui in Taurus .................... 59*290 

♦ ^ $ 

Evaporation 3*20 ia. 

Batn. 1*84 

If mrofhygromater fen 20 days. ...... 65^ 

—if , , „ , . 
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Article 

On the Magnetic Phemrnena produced by hlectriciti/. In a 
Letter from Sir H. DaVy, Bart. FRS. to W. HFWoUaston, 
MD. PRS.* ^ 

MV DEAR SIR, 

The similarity of the Jaws of electrical* arid magnetic attrao 
lion has often impressed philosophers ; and many years ago, in 
the progress of the discoveries made with the voltaic pile, some 
in(j[uuei!s (particulaily M, Ritter, f) attempted to estabhsh the 
existence of an identity or intim&te relation between these two 
lowers ; but tlieir views being generally obscure, or their expe- 
riments inaccurate, they were neglected : the oliemical and elec- 

* From the Philosophical Transactions, 1821 . % 

•f* Bf . Hitn^ assertec! that a neetUe composed of sUver^and zinc arnuiged itself in the 
magnetic meridian, aitd^as slightly attracted and repdlod by the of a magnet ; * 
and th^ a incline wire, after beifig exposed ip the voltaic ^^uiu took a directioii NE 
and SE. Bm ideas are so obscure that it is often difticuU tp understand them; but he 
^ems to have had some vague notion that electrical comlllnations, when not exMbitiiig 
thrir el^trtcal tcnist^ were in a magnetic state, and that there was a kind of elactm* 
ni^etic tnmdian depending upon 3ie dleetrieity of the earth. 
ttue, tom. 64, p. 80.) Since this letter has been written, Dr. Marcet has bacn so good 
^ ^ send me from Genoa some pages of Aldini on (ialvanism, and of |Sam*s Manmd 
of GolvMrism, publkhed at Pans more than 18 tiRfewrs ago. M. Mo|on, se^for^ of* 
^noa^ la ^uoM in these pages aa havitig render^ a«eeJ needle naai^ 
m a vohaic circuit im a great lengtli of tkoct lias* howrever, seemsoto have teii 
aep^^tkt metdy upon its place in & m 

^re of It ; but M. J^inagnes^ of Trinxte^ is stated t» have I foc ow ed that of 

Vi^camt^ adedyteariott of Ihci^^ the details ai» not #vc», 

watamem ht^oiatot,, tho tioi havodhtcr^ thotamo fi|0fe.a|3l. fMiNb 

^ noddle had its magnotic pol^ ahtod aieK i» 

w voltaic dr tmit as a of the decttical c^ 

New Series, voh. u* o 
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trical phenomena exhibited by the wonderful combination of 
Volta, at that time almost entirely .absorbed the attention of 
scientific men ; and the discovery of the fact of the true con- 
nexion between electrioity and magnetism, seems to have been 
reserved for M. Oersted, and for the present year. 

Tliis discovery, from its importance and unexpected nature, 
cannot fail to awaken a strong interest in the scientific world ; 
and it opens ^ a new field of inquiiy, into which many experi- 
menters will undoubtedly enter : and where there are so many 
objects of research obvious, it is scarcely possible that similar 
facts should not be observed by different persons. The progress 
of science is, however, always promoted by a speedy publication 
of experiments ; hence, though it is probable that the pheno- 
mena which I have observed may have been discovered before, 
or at the same time in other parts of Europe, yet I shall not 
hesitate to communicate them to you, and through you to the 
Royal Society. ' * 

1 found, in repeating the experiments of M. Oersted with a 
voltaic apparatus of one hundred pair of plates of four inches, 
that the south pole of a common magnetic needle (suspended in 
the usual way) placed pnder the communicating wire of plati- 
num (the positive end of the apparatus being on the right hand), 
was strong^ attracted by the wire, and remained in contact 
with it, so Ira Entirely to alter the direction of the needle, and 
to overcome the magnetism of the earth. This I could only 
explain by supposing that the wire itself became magnetic dur- 
ing the passage of the electricity through it, and direct experi- 
ments, which I immediately made, proved that this was the 
case. I threw some iron filings on a papur, and brought them 
near the communicating wire, when immediately they were 
attracted by the wire, and adhered to it in considerable' cfuanti- 
ties, forming a mass round it 10 or 12 times the thickness of 
the wire ; on breaking the communication, they instantly fell 
off, proving that the magnetic effect depended entirely on the 
passage of the electricity through the wire. I tried uje same 
experiment on diffeftnt parts of the wire, which was seven or 
eight feet in leng^ and about the twentilth of an inch in 
diameter, and I found that the iron filings were everv where 
attracted by it ; aii<k making the communication witn wires 
between diferent parts of the battery, I found that iron filings 
were attracted, and the magnetic il||^dle affected in every part 
of the circuit. . 

• It^was easy to imagine that such magnetic effects could not 
be exhibited the ele^rified wire without being capable of 
permanent communicatidn |o steel. I fastened several steel 
net^es, in different directions, by fine silver wire to a wire of 
the same Mtetal, of about the thi^eth of an inch in thickness 
and ITiiiiies some pamMel^ othejs transvcise, a and 
below in different directions! ind I placed them in the electrical 
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circuit of a battery of 30 pairs of plates, of nine inches by five, 
and tried their .magnetism ^y means of iron filings : they were 
all magnetic : those whioff were parallel to the wire attracted 
filings in the same way as the wire itself,,but those in transverse 
directions exhibited each two poles, which, being examined by 
the test of delicate magnets, it was found that all the neeiHes 
that were placed under the wire (the positive end of the batteiy 
being east) had their north poles on the south sid^ of the wire, 
and their soutli poles on the north side ; and that those placed 
over had their south poles turned to the south, and their north 
poles turned to the north ; and this was the case whatever .was 
the inclination of t^e needles to the horizon. On breaking the 
connexion, all the steel needles that were on the wire in a trans- 
verse direction retained their magnetism, which was as powerful 
as ever, while ^ose which were parallel to the silver wire 
appeared to lose it at the same time as the wire itself. 

I attached small longitudinal portions of wires of platinum, 
silver, tin, iron, and steel, in transverse directions, to a wire of 
platinum that was placed in the circuit of the same battery. The 
steel and the iron wire immediately acquired poles in the lame 
manner as in the last experimrat ; th^ other wires seemed to 
have no effect, except in acting merel^ as p^ts of the electrical 
circuit; the steel retained its magnetism as^werfully after the 
circuit was broken as before ; the iron wire immediately lost a 
part of its polarity, and in*a very short time the whole of it. 

The battery was placed in different directions as to the poles 
of the earth ; but the effect was uniformly the same. All needles 
placed transversely under: the communicating wires, the positive 
end being on the rig^ hand, had their north poles turned 
towards the face of the operator, and those above the wire their 
south^poles ; and on turning the wire round to the other side of 
the battery, it being in a longitudinal direction, and marking the 
side of the wire, the same side was always found to possess the 
same magnetism ; so that in all arrangements of needles trans- 
versely round the wire, all the needles above had north and 
south poles opposite to those below, and Aose arranged verti- 
cally on one sideii opposite to those arranged verticallv on the • 
other side. * ^ *• 

I found that contact of the steel need{ps was not necesss^, 
and that the effect was produced instantaneously by the mere 
juxta-position the in a transverse direction, and that 

through very thick plates W glass : and a needle tiiat had been 
placed in a transverse direction to the wire merely for an instant,, 
was fimnd as powerful a magnet as o^e that had bean long in 
communication with it. .. » ^ 

I placed some silver wire of l-^th of an inch and soanaof 
l-60th in difierent parts of tite yolteic circuit whenit waa poBi- 
pleted, and ahoidt stmtif steel filings ona |^aMip^iej^va 

G 2 : 
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the steel filings arranged themselves in right lines always at 
light an^es to the axis of the wim; the effect was observed, 
tifiongh feebly^ at the distance of a gnarter of an inch above the 
t&in wirey and the arrangement in lines was nearly to the same 
length on each side of the wire. 

I ascertained by several experiments, that the effect was pro- 
portional to the quantity of electricity passing through a given 

r ce, without any relation to the met«Jp transmitting it : thus, 
finer the wires the stronger their magnetism. 

A zinc plate of a foot long, and six inches wide, arranged 
with a copper plate on each side, was connected by a very fine 
wire of platinum, according to your method ; and the plates were 
plunged an inch deep in diluted nitric acid. The wire did not 
sensibly attract fine steel filings. When they were plunged two 
inches, the effect was sensible ; and it increased with the quan- 
tity of immersion. Two arrangements of this kind acted more 
powerfully than one ; but when the two were combined so as to 
make the zinc and copper-plates but parts of one combination, 
the effect was very much greater. This was shown still more 
distihctly in the following experiment : Sixty zinc plates with 
double copper-plates were arranged in alternate order, and the 
quantity of iron filings which a wire of a determinate thickness 
took up observed : the wire remaining the same, they were 
arranged so as to make a series of thirty ; the magnetic effect 
appeared more than twice as great ; fiiat is, the wire raised more 
than double the quantity of iron filings. 

The magnetism produced by voltaic electricity seems (the 
wire transmitting it remaining the exactly in the same 

ratio as the heat ; and however great the heat of a wire, its 
magnetic powers were not impaired. This was distinctly shown 
in transmitting the electricity of 12 batteries of 10 platoS each 
of zinc, with double copper arranged as three, through fine pla- 
tinum wire, which, when so intensely ignited as to be near the 
point of fusion, exhibited the strongest magnetic efi'ects, and 
attracted large quantities of iron filings and even small steel 
needles from a con^lli^able distance. 

As the discharge of a considerable quantity of electricity 
through a wire smued necessary to produce inagnetkin, it 
appeared probable, that a wire electrified by the common 
machine would not occasion a sensible effect; and this 1 found 
was the case, on placing very small needles across a fine wire 
c^nected with a prime conductor of a powerful machine and 
^the earth* But as a momentary exposure in a powerftd electrical 
circuit was suffieient tp give permanent polarity to steel; it 
appeared equally obvious, that needles placed tmnsvevsely to a 
wire at the time that the electricity of a common Leyden bat- 
tery was discharged through it, jought to become magnetic ; 
and thi»?'l (feund was actual^ the case; , and accordhig * to 
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cisely the same laws as in the voltaic circuit ; tlie needle 1 ^ 194 ^ 
the wire, the positive condlictor being on the right hand, oflfeiltag 
its north pole to the face of tlie operator, and tlie needle above, 
exhibiting the opposite polarity. 

So powerful was the magnetism produced by the discharge of 
an electrical battery of 17* square feet highly charged, through 
a silver wire of l-20th of an inch, that it rendered bars of steel 
of two inches long, and from l-20th to 1-1 Oth in*thickness, so 
magnetic, as to enable them to attract small pieces of steel wire 
or needles; and the effect was communicated to a distance of 
five inches above or below or laterally from the wire, through 
water or thick plates of glass or metal electrically insulated. 

The facility with which experiments were made with the 
common Leyden battery, enabled me to ascertain several cir- 
cumstances which were easy to imagine, such as that a tube 
filled with sulphuric acid of one-fourth of‘ an inch in diameter, 
did not transmit sufficient electricity to render steel magnetic ; 
that a needle placed transverse to the explosion through air, was 
less magnetized than when the electricity was passed through 
wire ; that steel bars exhibited no polarity (at least at their 
extremities) when the discharge was made through them as 
part of the circuit, or when they were placed parallel to the dis*- 
charging wire ; that two bars of steel fastened together, and 
having the discharging w^re placed through their common centre 
of gravity, showed little or no signs of magnetism after the dis- 
charge till they were separated, when they exhibited their norA 
and south poles opjx^sit^fo each other, according to the law of 
position. 

These experiments distinctly showed, that magnetism was 
prodtt«ed whenever concentrated electricity passed through 
space ; but the precise circumstances, or law of its production, 
were not obvious from them. When a magnet is made to act 
on steel filings, these filings arrange themselves in curves round 
the poles, but diverge in right lines ; and in their adherence to 
each other form right lines, appearing as^sjiicula. In the attrac- 
tion of the filings round the wire in the voltaic circuit, on the* 
contrary, they form one coherqpt mass, ^«hich would probably 
be perfectly cyliadrical were it not for the influence of gravity. 
In first consiaering the subject, it appeared to me that there 
must be as many double poles as there could be imagined |>oints 
of contact round the wire; but when I found the norm and south 
poles of a needle uniformly attracted by the same quarters cf 
the wire, it appeared to me that there must be four principal 
poles corresponding to these four duaijers. You, liowev^, 
pointed out to me that there was nothing definite in the poles, 
and mentioned your idea^ that the phenomena might be 
explained, by supposing a kind of revolution of magnetism rotmd 
the axis of tne wire, depending for its direction upon the pesi- 
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tion of the negative and positive sides of the electrical appa- 
ratus. 

To gain some light upon this matter, and to ascertain cor- 
recUy the relations of Che north and south poles of steel mag- 
netized by electricity to the positive and negative state, I 
placed short steel needles round a circle made on pasteboard, of 
about two inches and half in diameter, bringing them near each 
other, though not in contact, and fastening them to the paste- 
board by thread, so that they formed the sides of a hexagon 
inscribed within the circle. A wire was fixed in the centre of 
this circle, so that the circle was parallel to the horizon, and an 
electric shock was passed through the wire, its upper part being 
connected with the positiv e side of a batterj', and its lower part 
with the negative. After the shock all the wires were found 
magnetic, and each bad two poles ; the south pole being oppo- 
site to the north pole of the wire next to it, and vice versa ; and 
when the north pole of a needle was touched with a wire, and 
that wire moved round the circle to the south pole of the same 
needfe, its motion was opposite to that of the apparent motion 
of the sun. 

A similar experiment was tried with six needles arranged in 
the same manner ; with only this difference, that the wire posi- 
tively electrified was below. In this case the results were pre- 
cisely the same, except that the polek were reversed ; and anv 
iody, moved in the circle from the north to the south pole o“f 
the same needle, had its direction from east to west. 

A number of needles were arranged a^i polygons in different 
circles round the same piece of pasteboard, and made magnetic 
by electricity j and it was found that in all of them, whatever was 
the direction of the pasteboard, whether horizontal or pefipendi- 
cular, or inclined to the horizon, and whatever was the direc- 
tion of the wire with respect to the magnetic meridian, the same 
law prevailed j for instance, when the positive wire was east, 
and a body was moved round the circle from the nortli to the 
south poles of the same wire ; its motion (beginning with the 
flower part of the circle) was from north to south, or with the 
upper part from soi^i to north ; and when the needles were 
.arranged round a cylinder of pasteboard so as to ci oss the wire, 
and a pencil mark drawn in the direction of the poles, it formed 
a spiral. 

£t was perfectly evident from these experiments, that as many 
polar arrarigements may be formed as chords can be drawn in 
Circle* ,suiTounding the wire ; and so far these phenomena agree 
W^iyour adea of revolving magneti8i|>; but I shall quit this 
^Jiect, which I hope you will yourself elucidate for the infor- 
n^ticn of the Society, to mention some Other circumstances and 
iacts belonging to the inquil-y. * 

Supposing powerful electricity to be 'passed through two. 
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three, four, or more wiree, forming part of the same circuit 
parallel to each other in the same plane, or in different planes, 
it could hardly be doubted that each wire, and the space around 
it, would become magnetic in the same^manner as asinde wire, 
though in a less degree ; and this I found was actually the case. 
When four wires of fine platinum were made to complete a 
powerful voltaic circuit, each wire exhibited its magnetism in 
the same manner, aftd steel filings on the sides of the wires 
opposite attracted each other. 

As the filings on the opposite sides of the wire attracted each 
other inconsequence of their being in opposite magnetic states, 
it was evident, that if the similar sides could be brought in con- 
tact, steel filings upon them would repel each other. This was 
very easily tried with two voltaic batteries arranged parallel to 
each other, so tltat the positive end of one was opposite to the 
negative end of the other : steel filings upon two wires of plati- 
num joining the extremities strongly repelled each other. When 
the batteries were arranged in the same order, i, e, positive oppo- 
site to positive, they attracted each other ; and wires of platinum 
(without filings) and fine steel wire (still more strongly) ex'hibited 
similar phenomena of attraction and repulsion under the same 
circumstances. 

As bodies magnetized by electricity put a needle in motion, 
it was natural to infer t^at a magnet would put bodies magnet- 
ized by electricity in motion ; and this 1 found was the case. 
Some pieces of wire of platinum, silver, and copper, were placed 
separately upon two knife edges of platinum connected with two 
ends of a powerful voltaic battery, and a magnet Resented to 
them ; they were all made to roll along the knife edges, being 
attracted when the north pole of the magnet was presented, the 
posiTive side of the battery being on the right hand, and repelled 
when it was on the left hand, and vice versa, changing the pole 
of the magnet. Some folds of gold leaf were placed across the 
same apparatus, and the north pole of a powerful magnet held 
opposite to them ; the folds approached the magnet, but did not 
adliere to it. On the south pole being presented, they receded 
from it. • 

I will not indulge myself by entering far into the theoretical 
part of thi^ subject; but a number of curious speculations can- 
not fail to present themselves to every philosophical mind, in 
consequence of the facts developed ; sucii as whether the mag- 
netism of the earth may not be owing to itH electricity, and the 
variation of the needle to the alterations in the electrical currqiits 
of the earth in consequence of its motions, internal *chenaic^ 
changes, or its rel^uons to solar heatr; and wh^her the lumi- 
nous effects of the auroras at the poles are not shown, by these 
new facts, to depend oa electricity. This is evident, that if 
strong electrical currents be supposed to folow the apparent 
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course of the suu, the magnetism of the earth ought to b^such 
as Jt IS found to be. ° « wc oueu 

But I will Quit conjectures, to point out a simple mode of 
making powerful magnets, namely, by fixing bars of Iteel across, 
voZTtl making horse-shoe magnets 

ihe expennjents detailed in these pageS were made with the 
apparatus belonging to the Royal and London Institution; and 
1 was assisted m many of them by Mr. Pepys, Mr. Allen and 
Mr. fetodart, and in all of them by Mr. Faraday.f 

I am, my dear Sir, very sincerely yours, 

Xotwr Cmveuor. street, Nov. 12, 1820. Hu .MPHRY Da vy. 

many facts r^rdcd in the Philosophical Trai«l«*ions which prove the 
thS. .of lightning; one in particul.ar, where a stroke of lightning passing 

isl p 62^ rjNa“s7?p^^ >>n*gnets.-(8ee Phil. 

n„lcfn”n experiments dctaUed in this paper, except those mentioned p. 86, were 

wiA Dr. W TT® r >« conserpience of a LnversaUon 

til Dr» M^ollastoo, .and were made in the beginning of November. I find, bv the 

thrtxr for .‘teptember, which arrived in London Nov. 24, 

at i«. Afago has anocipated me in the tliscovcry of the attractive and magnetiians 
power,s ol the wirp m the voltaic circuit; hut the phenomena presented by the action 
of common electricity (winch I believe as yet have been observ'ed by no other PemT 
urfuce me still w .submit my paper to the Council of the Royal Soriety, Bclorc anv 
A^n researches of the French philosrphers, J had tried, with 

^ an e.xi)mmcnt, which 111 . Arago likewise thought of,— whether the 

Mc of flame ol t,ic voltaic battery would be aftecleti by the magnet ;** but from the imner. 

it imd were not decisive. I hope soon to be able to repeat 

It under new circumstances. lu rtpeae 

I have made" various experiments, with the hope of afffcting electrified wires bv the- 

^^r^TeSfulmu'u.*’ changes by magnetism ; but without 

Since I have peril, sedM Ampere's elaborate treatise on the electro-magnctic nbeno. 
mena, I have pas.sed the electrical shock along a .spiral wire twisU-d round a elaSriibc 

«bs'n ‘0 offer any decided opinion on that gentleman’s ingenious views I 

two tarcum.stances, which seem to me ^favourable ’to 
he Idea iff the identity of electricity and magncti.sm; first, the great distance ™iA 

mXerir"‘Mr-“'r'’'a““''^ "’I"'™" fJontricity (I found that a steel bar was made 

__a^elic at 14 indies distance fr6m a wire transmitting an electric shock from about 
Wlect of charged .surface); aniL secondly, that the effi.?.. A. ,, 


ce with the same readily^ through air and water, glass, mica, or 
conductors and noT>-rffiTidnf*fnr« 


by electricity takes placi 

metals; i, e. tiirough conductors and non-conductors 

A 
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. Article II. 

Tables of Temperature^ and a Mathematical Development of the 
Causes and Daws of the Phenomena which have been adduced 
in Support of the Hypotheses of Calorific Capacity, Latent 
Heatf &)'c. By John Ilerapath, Esq. 

^Qndudeil from p. 36. 

TABLE III. (continued,) 


Observations. 


j Elast. or Temp, 

volume of Fahr. 
*““**• gas. + 


Mixture ;.i parts tin, 
H bismuth, aiul ft 
lead, melts 

lUiiii U'ater ijoils, 
)>arometcr JO in. 


h’ujpiiiu* iiieltis • 


^'itrous acid boils • 


i 

1171 1371-241 

2i0-2 

1375*000 

12-0 

3 5920 

12-5 

4 8 276 

13*6 

5 1380*625 

14-7 

6| 2*916 

15-8 

7 5-.329 

17-0 

! 8' 7 -684 

1 IS-l 

' 9 1390-041 

! 19-2 

1 ISO 2-4(M) 

i220-35 

1 4 761 

! 1-5 

2 7124 

* #2-6 

3 0-489 

1 3-8 

4 1401-856 

i 4-9 

5 4*225 

1 6-0 

6 r»-590 

7-2 

7i 80t» 

1 8-3 

8j 141 1-314 

i 9-5 

Oj 3-721 ;230-6 

1J90 6-100 

1-72 

1 8-481 

i 2-9 

2 1420-864 

4-0 

3 .3249 

5 2 

4 5-636 

i 6 3 

5 8-023 

1 7*5 

6 1430*416 

, 8-6 

7 2-809 

1 9 8 

8 .5*2fl4€40*9 

9j 7-601 

! 2-1 



and bismuth melts 


1200 1440000 3’20 

1 2-401 4-4 

2 4-804 5-5 

3 7 209 6-7 

4 9-616 7-8 r 

5 1452-025 9-0 S 

6 4-436 250-2 

T 6-8.19 1-S 

8 9 264 2-5 

9I46I-68I 3 6 

1210 4 100 477 

1 1 6-521 5 9 

19 8-944 7-1, 

13I47I-S69 8-3 

14i 3-786 94 

IS 6-225 260-6 g 


y Sulphur bums 
s slowly 


rn Elast. or Temp, 
volume of Falir. 
gas. + 

1216 1478-656 261*8 

17 1481*089 30 

18 3-324 4 1 

19 5961 5*3 

1220 8-400 6-43 

1 1490 841 7-6 

2 3-284 8-8 

3 3-729 270-0 

4 8-170^ 1*1 

5 1500-625 2-3 

6 3-07 6 3-5 

7 5-529 4-7 

8 7-984 59 

9ll510441 7*0 

1230 2*900 8-19 

1 5.361 9-4 

2 7*824 280-6 

,3 1520-289 1-8 

^ 4 2-756 2-9 

5 5-223 4*1 

6 7*696 5*3 

7 1530-109 6*5 

8 2-644 7-7 

9 3 121 8*9 

1^40 7 600290*05 

HI 540*081 1*2 

2 2*564 2*4 

3 5*049 3*6 

4 7*336 4*8 

5J[550025 6*0 

6 2-516 7*2 

7 5009 8-4 

8 7-504 9*6 

9 1560001 300*8 


1 5-001 3*2 

2 7*504 4*4 

3 i5Wm 6*6» 

4 2*516 6*8 

5 • 5*025 8*0 

6 7*536 9*2 

7 1580*049 310*4 

8 2-564 1*6 

9 5*<^1 2*8 

1260 7*600 4*05 

1 1590*121! S 


S 0 . 8 I S 6 *H 98 -n 91-11 
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Troc 

temp. 

£last. 0 
volume 0 

gas. 

r Temp, 
f Fahr. 
+ 

Observations. 

True 

temp. 

Blast 
volume 0 
gas. 

r Temp, 
f Fahr. 

4- 

1262 

1592-64^ 

6-5 


1321 

1745-041 

S89-6 

3 

5-16« 

7-7 


2 

7*684 

390-9 

4 

7*6y€ 

8*9 - 


3 

1750S2S 

2*2 

5 

1600-225 

► 320*1 


4 

2*97( 

3*4 

. 6 

2-736 

1*3 

4 

5 

5*625 

4*7 *5 

7 

5-289 

2*3 


6 

8-27€ 

6*0 

8 

7-824 

3*7 


7 

1760*928 

7*2 

9 

1610-361 

4*9 


8 

3*58 

S-5 

1270 

2-900 

326 19 


9 

6-241 

9*8 

1 

5*441 

7*4 


1330 

8*900 

401*07 

2 

7-984 

8*6 


1 

1771*501 

2-3 

3 

1620-529 

9-8 


2 

4*224 

‘;*6 

4 

3-076 

33M 


3 

6 889 

4-9 

5 

5*625 



4 

9-556 

6*2 - 

6 

8-176 

3*5 


5 

1782*225 

i 7*5 

7 

1630 729 

4*7 


6 

4-896 

i Qlr 

' 8-7 

B 

3*284 

5*9 


7 

7-.'>69*41()-(> 

9 

5-841 

7*2 


8 

1790-244; 11-3 

1260 

1 

8400 

1640-961 

338*43 

9-7 


9 

1340 

2 9211 12 6 
5‘6()0! 13-89 

2 

3 524:340*9 


1 

8-281 

liV2 

3 

6-089 

2 1 


2 

18(K)'961 16-5 

4 

8*656 

3*3 ,7 


3 

.3-619 

17-8 

5 

1651*225 

4*6 u 

1 

4 

6-336 

19 0 iT 

6 

3*790 

5 -8 


5 

9-025i42()-3 6 

7 

6*369 

7*0 


^ ! 181 1-7 16 

1*6 

8 

8-944 

8-3 

7 

4-409 

2*9 

9 

1661*521 

9-5 


8 

7-104! 4-2 

1290 

4 100 350 77 1 


9 

9-801 

5-5 

1 

6-681 

2*0 


1350 

1822-500 

6-80 

2 

9 264 

3*2 

<< 

1 

5*201 

8-1 

3 

1671*849 

4*5 


2 

7-904 

9-4 

4 

4*436 

3-7 


3 

lS30-609;430-7 

5 

7*025 

7-0 - 


4 

3*316 

2-0 

0 

9*616 

8-2 ^ 


5 

6^5 

3 3 r 

7 

1682-2091 

9*4 


6 

8*7.36 

4*6 <6 

8 

4-804!36f)-7 


T 

184 1 *449 

5-9 

9 

7-401 

1*9 


8 

4 164 

7-2 

I 13(X) 

1690-000. 

163*20 


9 

6*881 

8*5 

1 

2-601 

4*4 


1360 

9-600 

9*81 

2 

5*204 

3*7 


1 

1852-321 

44M 

3 

7*8tf9 

6*9 



2 

6044 

7*769 

2*4 

3*7 

. ^ - 

1700*416 

8*2 


3 

5 

y025 

170-7 

1*9 ^ 


4 

1860*496 

5*0 ^ 

6 

3*636 5 


5 

.3*225 

6*4 o 

7 

8-249 


6 

5*956 

7-7 

8 1 

1710*864 

2*2 


7 

8 689 

9*0 

9 

3-481 

3*4 


8 

1871*424 

450-3 

1310 

6-100 

75*73 


9 

4*161 

1*6 

1 1 

8*721 

7*0 


1370 

6-900 

2*9! 

12 1 

721*344 

8*2 


I 

9*641 

4*2 

13 

3*960 

9*5 


2 

1882*384 

5*5 

14 

6*596 3 

80*8 


3 

5*129 

6*9 

15 

9*225 

2*0 ^ 


4 

7-876 

8*2 w 

16 1 

731-856 

3-3 1 


5 

1890-625 

9*5 i 

17 

4-489 

4-5 S 


6 

3*376^ 

160*8 

18 

7*124 

•5*8 

• 

7 

6-129 

2*1 

19 

9*701 

7*1 


8 

8-884 

3*5 

1320 J 

742-400 3 

88*35 


9 1 

901*641 

4*8 
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Elast. or 



True 

temp. 

Blast, or 

Temp. 

Observations. 

temp. 

volumeof 

gas. 

Fahr. 

+ 

Observations. 

• 

volumeof 

gas. 

Falir. 

+ 


1380 

1904-401) 

466*11 


1439 

2070*721 

546*0 


1 

7*161 

7*4 


1440 

3*600 

7*33 


2 

9*924 

8*8 


1 

6-481 

8*7 


3 

1912*680 

470*1 


2 

9*364 

550*1 


4 

5*456 

1*4 


* 8 

2082*249 

1*5 


5 

8*225 

2-8 S 


4 

5*136 

2*9 


6 

1920*996 

4 1 w 

PhfiHphorus boils •• 

5 

8*025 

4*3 CO 

Bismuth jjitfltfi •••• 

7 

3 769 

5*4 ® 


6 

2090*916 

5 7 


8 

6*544 

6*7 


7 

3*809 

7*1 


9 

9 321 

8*1 


8 

6*704 

8*4 


1390 

1 

1932*100 

9*41 

Oil of turpentine 

( ^ 

9*601 

9*8 


‘*•031 

480*7 


> 




2 

7 664 

2*1 


1450 

2108-500 

561*20 


3 

1940*449 

3*4 


1 

5401 

2*6 


4 

3*2:16 

4*8 


2 

8*304 

4*0 


5 

6025 



8 

11*209 

5*4 


0 

8*H 1 6 

7*4 ^ 


4 

14*116 

6-8 £r 


7 

1951*609 

8*8 ^ 


5 

17*025 

8*2 th 


8 

4*‘i04 

490*1 


6 

19*936 

9*6 ^ 


11 

7*201 

1*5 


7 

2122-849 

571*0 


IKK) 

1960*0(X) 

2*80 


8 

5-764 

2*4 


1 

2*8('l 

4*1 


9 

8 681 

3*8 


o 

5*(>0i 

5*5 


1460 

2131-600 

5*17 


3 

8*409 

6*8 1 


1 

4-521 

6*6 


4 

1971*216 

8*2 


2 

7-444 

8*0 


5 

4-Oi>5i 



3 

2140*369 

9*4 


6 

0-8:K) 

500*9 o 


4 

3*296 

580*8 -- 


7 

9*049 

2* 


5 

6225 

2*2 6 


8 

1 1982*461 

i 3*6 


6 

9*156 

3*6 


9 

' 5*281 j 

4*9 


7 

2152*089 

5*0 


1410 

8**(W)I 

1 6*29 


8 

5*024 

6*4 


il 

199^'*92ll 

i 7*6 


9 

7*961 

7*9 


12 

3*744! 

1 9*0 


1470 

2160 900 

9*23 


13 

6*569 

510*4 

I Sulphuric acid boils 

II 

1 

3 841 

590*6 

* 

14 

9*396 


2 

6-784 

2*1 


15 


1 lU.I .1 

' Lead melts * 


Q.-roo 





, 1 Cr» 


J 




16 

5*056 

j 14*4 ® 


4 

2172*676 

4*9 2: 


17 

7 889 

15*8 


5 

5*625 

6*3 S 


18 

2010*724 

17*2 


6 

8*576 

7*7 


19 

13*561 

18*5 


7 

2181*529 

9*2 


1420 

16*4(K) 

19*87 

j Linseed oil boils- • • • 

8 

4*484 

600*6 


1 

19 241 

521*2 

1 • 

9 

7*441 

2*0 


2 

2022*084 

2*6 


1480 

2190*400 

3*39 


3 

4*9i9 

4*0 ^ 


1 

3*361 

4*8 


4 

7*776 

5*3 w- 


2 

6*324 

6*2 


5 

2030*625 

6*7 

1 • 

3 

9*289 

7*T 


0 

3*476 

8*1 S 


4 

2202*256 

91 ^ 


7 

6*329 

9*3 


5 

5*225 

610*5 


8 

9^184 

530*8 


6 

8*196 

12*0 § 


9 

2042*041 

2 2 


7 

2211*169 

!3*4 


1430 

4*900 

3*55 


8 

14*144 

14*8 


1 

7*761 

4*9 


9 

lT'12t 

16*3 


2 

2050*624 

6*3 


1490 

2220 100 

17*65 


3 

3*489 

7*7 


1 

3*081 

19*1 


4 

6*356 

9*1 


2 

6064 

620*5 


& 

9*225 

5411*4 S 


< 3 

9049 

2*0 E 


6 

2062 096 

1*8 S 


4 

2232*036 

3*4 g* 


7 

4*969 

3*2 


5 

5*025 

4*8 ^ 


8 

7*844 

4*6 


6 

3-016 

6*3 
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Otemticms. 


Itfercury bo!1», 

long and Petit — j ) 


Zinc melts **** 


Tnie 

temp. 

Blast, oi 
volume 01 
gas. 

€ 

Temp. 

Bahr. 

+ 

Observations. 

True 

temp. 

Blast, m 
volume o 

gas* 

Temp. 

Bahr. 

IfB 

2241*009 

627*7 


1555 

2418*025 


m 

< 4*004 

9*2 


6 

2421*136 


H 

7*001 

630*6 


7 

4*249 


150C 

2250*000 

2*00 


8 

7*364 



3*001 

3*4 

* 

9 

2430*481 


S 

6 004 

4*9 


1560 

3*600 

720*13 

s 

9*009 

6*3 


1 

6*721 


4 

2262*010 

7*8 ^ 


2 

9*844 


c 

5*025 

9-2 


3 

2442*969 


( 

8036 

640*6 


4 

6*096 



2271*049 

2*1 


5 

9*225 



4-064 

3*5 


6 

2-152-356 


S 

7*081 

5*0 


7 

5*489 


15IC 

2280*100 

6-45 


8 

8*624 


11 

3-121 

7*9 


9 

2461*761 


12 

6-144 

9-3 


1570 

4-900 

735*15 

13 

9*169 

650-8 


1 

8*041 


14 

2292-196 

2*2 


2 

2471*184 


15 

5*225 

3-7 


3 

4*329 


16 

8*256 

5-1 2 


4 

7*476 


17 

2301*289 

6-6 


5 

2480-625 


18 

4*324 

8*1 


6 

3*776 


19 

7*361 

9-5 


7 

6*929 


1 520 

10-400 

660-99 


8 

2490*084 


1 

13-441 

2*4 

* 

9 

3-241 


2 

16*484 

3*9 


15S0 

6*400 

750*27 

3 

19-529 

5*4 


1 

9-561 


4 

2322*576 

6*8 


<2 

2502*724 


5 

5*625 

8*3 Z. 


3 

5*889 


6 

8*676 



4 

9*056 


7 

2331*729 

671-2 ^ 

« 

5 

12*225 

1 

8 

4*784 

2*7 


6 

15*396 


9 

7*841 

4*1 


7 

18*569 


1530 

2340*900 

5*63 


8 

2521-744 


I 

3*961 

7*1 


9 

! 4*9^ 


'“i 

7*024 

8*6 


1590 

1 8-100 

765*49 

3 2350-089 

6800 


1 

2531*281 






2 

4*464 


4 

3*156 

1*5 - 


3 

7*619 


5 

6 225 

3*0 


4 

2^r40•836 


6| 

9-296 

4*4 


5 

4*025 


7!2362-369r 

5*9 


6 

7*216 


■ 8i 

5*4441 

7*4 


7 

2550*409 


9 

8-521 1 

8*9 


8 

3*604 


•5l0 

2371*600 

S90-37 


9 

6*801 


1 

4-68? 



1600 

2560*000 

780*80 

2 

7*764 



1 

3*201 


3‘ 

2380*849 



2 

6*404 


4 

3*936 



3 



5 

7 025 



4 ; 

2572*816 


GS 

2390II6 



5 

6*025 


7 

3*209 



6 

9*236 


8 

6304 



7 : 

2582*449 


9 

9*401 



8 

5*664 


1550^. 

M02-500 7 

05*20 


9 

8*881 


1 

5*601 



1610 ! 

2592*100 

796*21 

2 

8-704 



n 

5*321 


35 

>411-809 



12 

8*544 


4 

14*916 



13 i 

2601*7691 


# 
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Obwrvattont. 

True 

tem|i. 

mast, or 
tfduineol 
gw. 

Temp. 

Fahr. 

+ 

ObservatioEg. 

Trne 

ten^p. 

Blast, or 
volume oi 
gas. 

Temp. 

Fibr. 

+ 


mw 

68121 



2810: 

7996*1 



«0 

64*4 



20 

52*4 



30 

6916*9 



30 

8008*9 



40 

69*6 



40 

65*6 



50 

7022*5 



50 

8122-5 



.eo 

756 


j i 

60 

79*6 



70 

7128*9 



70 

8236-9 



80 

824 



80 

91*4 



90 

7236*1 



90 

8352*1 



2700 

90*0 

3051-2 


2900 

8410*0 

3588-8 


10 

7344*1 



10 

68*1 



30 

98*4 



20 

8526*4 



30 

7452*9 



30 

84*9 



40 

7507*6 



40 

8643*6 



50 

62*5 



50 

8702*5 



60 

1 7617*6 



60 

61*6 



70 

72*9 



70 

8820*9 



80 

7728*4 



80 

80*4 



90 

84*1 

SSI 5-2 j 


90 

8940*1 



2800 

7840*0 



3000 

9000*0 

3872-0 


Table IV. 

A Table showing the relations between the indications of a 
common mercurial and an air thermometei^ corrected for the 
dilatation of glass, according to the dep-ees of Fahrenheit, and 
interpolated from the experiments of MM. Dulong and Petit. 


Mercurial thermo, 
meter in Fah« 
renheit. 

Air thermometer cor- 
rected for glass in 
Fahrenhdt, 

First difference, oj 
amount of correc- 
tion or difil;rence 
of thermometers. 

Second difference, or 
difference of differ- 
ences. 

212 

212-00 

0-00 

#• *’ 

22 

21-77 

0-23 

-228 

32 

31-53 


•236 

42 

41-29 


•244 

62 1 

51-0+ 


-25-2 

62 

60-78 

1-22 


72 

70-51 

1-49 : 

•267 

82 

1 80-23 

1-77 

•276 

92 

89-95 

2-05 

-283 

Wmmi 

99-66 

2-34 

•291 

12 


2-64 

•298 

22 * 


2-96 

•306 

m 

32 

28-74 

p-26 

•314 

42 

38-42 

3-68 . 

•322 

62 

48-09 

3-91 

•32J) 









f 


I 
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Mercurial thenud- 
meter in Fah- 
renheit. 

] 

Air thermometer cor- 
rected for f^am in 
Fahrenheit, 

first difference, or 
amount of oorrec- i 
don or difference 
of thermometers. 

Second diffhrenoe, or 
dii'erence of 
ences. 

62 



-337 

62 



•345 

72 

67-<l0 


. -353 

82 

77-05 

4-95 

-36i 

92 

86-69 

5-31 

-368 

402 

96-32 

5-68 

-376 

12 


6-06 

•384 

22 


6-44 

-392 

32 


6-83 

•399 

42 


7-23 

•407 

52 

44-36 

7-64 

•415 

•423* 

62 

53-94 

8-06 

72 

63-52 

8-48 

•43 i 

82 

73-09 

8-91 

•438 

92 

82-65 

9-35 

•446 

502 


9-80 

•454 

12 

601-75 

10-25 

22 

11-29 

10-71 

•462 

1 • 

32 

20-%2 

11-18 

•469 

•477 

42 

30-34 

11-66 


52 

39-85 

12-15 

•485 

•493 

62 

49-36 

12-64 

72 

58-86 

13-14 

•601 

82 

68-35 

13-65 

•608 

92 

77-83 

14-17 

•516 

602 

87-31 

. 14-69 

•524 

•532 

12 


15-22 

22 


15-76 

•539 

32 

15-69 

16-31 * 

•547 

42 

25-13 

16-87 

•656 

•56^ 

52 

34-57 

17-43 

62 

44-00 

mmmm 

• *571 
• 

72 

63-42 . 


•678 

82 

62-83 

■H 

•586 

692 

672-24 

1 19-76 

•594 
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. This tjsiile 1 taMnp^uted from the subsequent account of Duiong 
sffld Petit’s x^^vations, extracted irom vol. xiii. of the 
of Philosophy. 


Temp, indicated by mercnirial t&- 
mometer in centigrade. 

- 36® ' 

0 ....... 

100 

150 

200 

250 

300 

360 


Temp. intUcated by air thermometer 
corrected for dilatation of glass. 

.... - 36-00° 

0-0 

.... 100-0 
148-70 
197-05 
245-05 
292-70 
300-00 


In the 48th volume of the Philosophical Magazine, I find the 
numbers in the higher ranges are different. I have not this 
volume at hand ; and, therefore, cannot tell whether Dr. Thom- 
son and Mr. Tilloch refer to the same or different experiments of 
Duiong and Petit. The numbers in tlie 48th volume of the 
Philosophical Magazine, as sent me by my cousin Mr. William 
Herapath, stand thus : 


Merc, therm, centigrade. 

100 

150 

200 

250 

300 . .... 


Air tlienii. centigrade. 

... lOO’OO 
... 148*70 
... 197*05 
. .. 244*17 
. . . 291*77 


N. B. When iatei*polating the observations of Duiong and 
Petit, I perceived the whole of them, except the last, w ere con- 
nected by a law, which, being very simple, and differing not 
more than a degiee of Fahrenheit from their last observation at 
680®, the boiling point of mercury, I have thought it better to 
continue than to render the table discontinuous. 


, Table V. 

• True Temperature, 

The following table, calculated from the preceding, exhibits 
the corrections necess&ry to reduce the temperature of the 
common mercurial thermometer to the air thermometer, sup- 
posing them divided, according to the law of temperature, as 
resulting, from our theory of heat^ 


J 821.3 €tatm ^Calor^ Ct^a^yt Latent Heat, ^c. W 


Coiim<mjaierctt« 

Conrectkma. 

rial therm. 

— 

1170 


^172-6 

00-00 

80 

•17 

90 

•40 

1200 

•64 

10 

•89 

20 

1-15 

30 

1-41 

40 

1-68 

50 

1-96 

60 

2-24 

70 

2-53 

80 

2-83 

90 

3-14 

1300 

3-45 

10 

3-77 

20 

4- 10 

30 

4-44 

40 

4-78 

50 

5-13 


Diff. of 
correction. 


•17 

•23 

•24 

•25 

•26 

•26 

•27 

•28 

.28 

•29 

•30 

•31 

•31 

•32 

•33 

•34 

•34 

•35 




I ' Common inerca. 
rial therm, 

50 T* 
60 
70 
80 
90 

li 1400 

i 10 

! 20 

30 
40 

I 50 

i 60 

70 
80 
90 
1500 

10 

1 20 

I 30 

i 40 


CorrectioDS. 


NDiC of 


5*13 
5*49 
• 6-86 

6- 23 
6-61 

7- 00 

7-40' 

7- 81 

8 - 22 

8- 64 

9- 07 


•36 

•37 

•37 

.38 

.39 

•40 

•41 

•41 

•42 

•43 


9-51 

9-95 

10- 40 

10-86 

11- 33 

11-81 

12- 30 

12- 79 

13- 29 


•44 

•44 

•45 

•46 

•47 

•48 

•49 

•49 

•50 


N. B. This table, though calculated to hundredths, can hardly 
be depended on to agree with the preceding nearer than to 
tenths, which are as near, perhaps, as we can generally depend 
on our observations in those high temperatures. 

The ir>troduction and titles sufficiently explain the nature and 
use of the preceding fables ; 1 shall, therefore, merely illustrate 
their utility by such ex-amples as ofl'er themselves in the course 
of the following inquiries. 

In p, 403, vol. i. New Series of the Annah, I have given some 
formula; for the mixture of equal and upequal portions of the 
same fluid ; and in pp. 406 and 407, I have also developed my 
ideas of the causes of what are caljed calorific capacity, latent 
heat, Stc.” With this simple exposition, it is more than proba- 
ble I should have rested satisfied, bad not my friend the Rev. 
II. S. Trimmer, struck with the comprehensive simplicity of my 
views, strongly urged me to turn my attention again to the 
subject, and to develop my theory a little more in detail. To 
this gentleman, therefore, and the kind assistance he has^ro- * 
mised me at a proper season in the prosecution of the necessary 
experiments, are the present inquiries chiefly to be attributed. 

My object in this paper is to demonstrate, in the usual way 
of mathematicians, the laws of the phaanomena connected 
with the hypotheses ot ^‘ cajttcity for caloric, latent heat, 
New Serici, vol. ii. h 
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m order 1x» giv^ pEUosopher^ an opportunity of exanaining 
the truth ef my views on an extensive scale. I sh# aieo 
myself, as ! proceed, compare the fortimlae with the best expe- 
riments I have at hai^d^ that it may be seen ho\y correctly the 
theory I have developed agrees with the results^ of observation. 
If, however, in the course of this comparison, it should appear 
necessary to point out any inaccuracies in the methods or expe- 
riments of others, philosophers will, I trust, receive my observa- 
tions with* candour, and do me the justice to believe, that 
though I may differ on certain scientific points from some, I 
have not the less respect for their labours or their abilitie^^ and 
have only two objects in view ; — the extension of science, and 
the investigation of‘ truth. 

On the Temferatutes remlling from the Mixtitre of Bodies which 
do not act chemically on one another ^ and on the Cause of ike 
Fluenomena attributed to Calorific Cajmcify or Specific 
Heatr 

Prop. I. Theor. I. 


if two portions, W W,, of the same fluid at the true tempera- 
tures T Ti be mixed together, the true temperature t of tlie mix- 
ture, when no extraneous temperature interferes, is equal to 
rw + T,\\\ 
w + • 

Because by my theoiy of heat, the temperature of any body is 
propoitionaliOtiiemotion^otthe intensity of vibration of one of its 
particles, the sum of all the motions of the particles of any portion 
of a body, will be as the temperature and the weight of that portion 
conjointly. And because no extraneous motion or temperature 
is supposed to interfere, there can be no acquisition or ios^ of 
motton in the two parts taken together by the mixture; and, 
therefore, the sum of all the motions of the two parts will be the 
same before and after the mixture. But the sum of all the 
motions before the mixture is as T W 4- Tj Wj, and the sura df 
aS after the mixture as (W 4 - W,)t; thei’efore(W 4 - Wj) r =p 


T W 4 - T, Wj and t = 

Cor L-If W = W, 


T W + T. W, 

W f W, ' 

• T + T, 

V = — s — " 


Cor. 2.— ^By Prop. 9 of my preceding paper, the true temper- 
atures are in the subdupljcate ratio of the spaces occupied by 
the same poition of gas under ati invariable compression; anfd 
* these spaces, if the temperatures are measured by the air ther- 
mometer, have the same ratio as the eorr esponcfing d egrees of 

Pahrenlieit 4- 448. Therefore T ; T, V 448 4- F : v\/448 4“ ^i 
in which^F is the Fahrenheit temperature corresponding to T, 
and F, that corresponding to Ti/ I n the same way , if Fn 
responds ho f, we have T : t :: V 40 F : 
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Substituting in the eqtiStion of the preceding cor. the values bf 

^ ^ y 

T and T| derived from these equations, we obtain 

0 V 44a “4* 


1 + 


/ ( *i9 + F, V 
V V448 + F ^ 


(iVpii)] 


; whence F,i = (448 + F) x 

f , 

— 448, the same as I have given in 


p. 403 of the first volume of the Annals, New Series. This 
theorem, however, as it was then published, I obtained by a 
very different process from a complex theorem on the mixture 
of gases. 


Cor. 3.— When w W = W, 


T 2SS 


Cor. 4 
lary, we get v/{ 


T + n Ti 
n + 1 


By pursuing the same course, as in the thiixl coral- 
448 H- K,.x (Srfr) . 


44S + F 


■-)= 


n + 1 


whence. 


therefore, F, i = (448 4- F) x 

*— 448, which is the oth(?f theorem I have given in the same 
p. 403, and which I also deduced from a theorem on tlie mixture 
of gases. 

^ Scholium, 




These theorems being investigated without any reference to 
the law of expansion of the body experimented with, should 
hold good whatever body we use, whether it be a solid, fluid, or 
air, as long as we can make the experiments correctly with it, 
and whatever be its relative rate of expansion to other bodies, 
provided, however, the portions of the body be mixed in the 
same state, that is, either in the solid, or fluid, or aerifbrhi* 
Unfortunately, we have no ej^tensive series of experiments to 
compare these formulae with, De Luc has maae two with 
water within the temperatures of i«e melting and water boiling ; 
and I have made several others, including ^ much greater range, 
with mercury. 

De Luc mixed water at 200*7® with an equal weight at 46® of 
Fahrenheit, and found the temperature of the mixture 122*8® ^ 
2*5® == 120*3®. 

By the preceding tables, * 

2®0*7® giva T .r... 1162^8v 

and 45® give T* . . . v • . « * ♦ • . ast 101^5 

2)217fri ' 

and, therefore, by Cor. 1 T = lOSS'OS 

h2 
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iurtich corresponds to 120*2® Fahrenheit. This experiment, 
therefore, differs from the theory -^th of a degree of Fahrenheit. 
If Fahrenheit’s thermometer really indicated Uie true increments 
Jo( tempefature, the » result should have been the arithmetical 
mean of 200*7^ and 45°, or 122*8°, which is 2*5° more than it 
was observed. 

In another experiment, De Luc mixed equal weights of water 
at 212° and 32°, and found the result 1 ID®. 

212° of Fahr. in the tables, give T = 1172*6 


And 32® giveTi = 1000 

2)2172*6 

And consequently t = 1086*3 


which makes the temperature of the mixture in Fahrenheit ss 
• 118*4°. This differs from the experiment *6 in defect, while the 
experiment is 3° below the arithmetical mean of 212° and 32°. 

Having contrived an apparatus for making the mixture so as 
not to lose by radiation, or the unequal temperature of the mat- 
ter of the vessel, 1 mixed about 30 ounces of mercury at 348*9° 
with an equal weight at 31°, and found the mixture at 179*3° of 
Fahrenheit* 

HereT t 1288*5 

And T, = 999*0 


2)2287*5 

Whence t . = 1143*75 

which agrees with 179*9 of Fahrenheit. 

This experiment is *6° below the theory, and 10*7° below the 
arithmetical mean. The other experiments that I made gave a 
like coincidence with theory ; but as they have lately been read 
before the Royal Society, it might be deemed improper at pre- 
sent to quote any more of them here. 

Were the temperatures 3872® and 32® of Fahrenheit, 


Then 3872 would give 3000 

Add 32. A.*.* 1000 


2)4000 

2000 

which give 1472° for the mean temperature according toi Fall- 
jrenheit. The arithmetical mean of 3872 and 32 is 19h2; that is, 
480° above the computation. could we make expe- 

liments on these extreme ranges, our thermometers w’ould differ 
no less than 480°, on the supposition of the commoii theoretical 


1821 .] Cause9 of Colorific Capacity, Latent IfM, S^c. 

notions of equal increments of heat being accomp^niM with 
equal augmentations of volume. 

Thus in three experiments made by two different individuals* 
at different times, with different instruments, widely different 
fluids, and, perhaps, different methods of making the experi- 
ments, the errors of a theory which I had investigated before I 
knew that any experiments of the kind had been made, or even 
before I had apparatus, or thought of making experiments of 
this kind myself, are only — ^*1 — °*6 and + °*6 ; while the errors of 
the old theory are 4- 4* 3® and 4- 10*7®. Philosophers will 

know how to appreciate the merits of a theory so investi- 
gated and so confirmed. Other facts I have no doubt I shall 
be able to adduce before I get to the end of this paper equally 
satisfactory and equally convincing of the soundness and the 
accuracy of the views I have taken. 

It must not be concealed, that Dr. Crawford has made some 
experiments which have been thought to invalidate those of 
De Luc. That philosopher exposed a thermometer equally, it 
is said, to the influence of air heated by watery vapour to 212®,. 
and of air cooled by snow to 32®, and found the thermometer 
thus exposed stand something lower than 122®, but above what 
De Luc has stated.’' Hence Crawford concludes, that the 
mercurial thermometer, at least between the temperatures of 
water freezing and water baling, is a correct indication of the 
temperatuie. Probably few men were better qualified, oa 
account of his care and ingenuity, for deciding a question of this 
importance than Crawford, but certainly no one ever employed 
in a subject of consequence a more inaccurate and inefficient 
method than he has in this. Of all bodies, the aeriform are the 
most improper he could have selected for experiments of 
this kindt The extreme facility with which they acquire 
the temperature of any bodies they may come in contact with ; 
the great difficulty with which they communicate the tem- 
perature of others ; and the almost utter impossibility of appre- 
ciating the equality of their influence ; conspire to reader every 
thing deduced from such experiments suspicious and equivocal^ 
But in spite of all this, Crawford found that his experiments 
favoured the general conclusion tff* De Luc ; namely, that the 
true mean is beneath Fahrenheit’s arithmetical. De Luc 
undoubtedly took the most direct aiicl simple course for settling 
this point that could be devised ; and had he chosen a different 
fluid, and made his experiments embrace a greater range, he 
would most probably have discovered the true laws of tenjper- 
ature. 

M. Biot, in hisTraite de Physique, thinks, that as the coeffi- 
cient iudicating specific heat of a body^’ is constant from 
the melting of ice to the boiling of water, *^we ought to conclude 
that the degrees of the mercurial theirooroeter oetween ^hese 
limits are proportional to riie increments of temperature.” In 
this M. Biot does not consider that he is endeavouring to esta- 


103 Mr.Merafatk*nTimTm>§^ [Au«, 

Msh one hypothesis by another, the very probability of ^hwh 
remains to be sho a n ; namely, tlie hypothesis of specific heat. 
Without, however, stopping now to discuss this subject, 1 will 
endeavour to show that a very trifling ereor in MM. Lavo^ier 
and Laplace’s experiments with the calorimeter, from which 
M. Biot drew his conclusion, is sufficient to make these expen- 
ments coincide with my theory. By a formula which I shah 
hereafler d^smonstrate, if W be a giyerf-weight of water, and. T 

its true temperature, tlieweightoficeitwiUmeltmthe calorimeter 

;•> (T - 1000) W Therefore, 100 ounces of water at 212° 

3 ()(^ * ^ 

Ihhr. will melt 126-67 ounces; and hence 100 ounces of mer- 
cury at the same temperature ought to melt only x 126-67 
= 3-67 ounces. Consequently 100 ounces at 118-6°* should 
melt only 1-835 ounce ; and at 12-2° only a 27th part more, or 
1*903 ounce. Thus in operating with 100 ounces of mercury^ 

an error of only ^ of the whole ice melted, or indeed of half of 

U - or of — oz. would be sufficient to overturn the inference 

of M. Biot. And if Lavoisier and Laplace operated with a less 
quantity of mercury, 50 ounces for instance, an error ot 

or— oz. would be enough to red-ace the law of temperature 

from the simple to the subduplicate ratio. But if so trifling an 
error in the quantity of melted ice can produce so enormous a 
difference in the results, to w^iat a degsee of accuracy ought the 
experiments to be made to establish any law of temperature 

Thus tiie experiments with the calorimeter are, exposed 
to difficulties and errors against which it is doubtful whether 
even the abilities of Biot, Lavoisier, and Laplace, could 
protect them. Mercury, on account of the smallness ot its 
numeratom, or heating pov/er, is certainly ® 
fluids that could hpe been chosen for determining the 
accuracy of the thermometric scale with the calorimeter. 
Water would be mUch pre£erable if the condensation of its 
vapour could be avoided. This, in experiments ® 

calorimeter, will always make in favour of the old tpo/J’ 
and against the new. By a formula which I Imve investiga ed 
from my theory, and an Speriment related by Ur. Thomson, in 
his System of Chemistry, I find that^pne ounce of steam at - ^ 
' Fahr«. condensed on 100 ounces ofr^fer at .„01 , would be suffi- 
cient to rgiise it to 212°. Consequently, if a quarter of an owce 
of steam, or a quantity equal to l-400th part of the weigMof 
water, were introduced with the water, it would be enough t 

* B» I Msomed the tree mean tenq^rature to reneapond wkh 118’^ 

ilMtead^of 1 18*-^ t but die di&rencc i» so trifling that I Amk it useless to »ep«t tlw 
Mlciilations, even simple m ibey are. 
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render the experiment so doubtful as not be able to determine 
from ibwhether the law o|‘ temperature followed the simple or 
the subduplicate ratio. With either fluid, therefore, it appears 
that the calorimeter is not susceptible ,o£ that accuracy which 
experiments of this kind require. Indeed it is questionable 
whether there is any method so sinaple and conclusive as that of 
mixtures. The only things it appears necessary to guard against 
are loss of temperature'by radiation, and the contaqt of air of a 
different temperature from the mixture, and the influen^ of the 
temperature of the vessel in which the mixture is rn^. But 
both these things seem to be almost effectually avoided by an 
apparatus simUar to the one I have described in my emmiraeiits 
on the Ratio and Law of Temperature lately read before the 
Royal Society; or at least their effects so much diminished aa 
to be nearly, if not wholly, insensible. Any other way of 
obviating such losses, as by calculation after the manner ot 
Crawford, experience has convinced me is liable to errors and 
inaccuracies, which might be a little diminished, but, 1 think, 

cannot be avoided. t u • 

Some philosophers suppose that tlie law ot heat I have un- 
folded is the same as that some time since propounded by Mr. 
Dalton; tliere is, how^ever, scarcely the least similarity between 
tliein. Mr. Dalton tliinks the expansions ol all* fluids are pro- 
portional to tlie squares oli,J.heir temperatures from the points ot 
their greatest density, but these points of greatest density are not 
here taken into account, nor do 1 even make the rate ot the nmd 
expansions hold any part in my investigations. The theory that 
1 have given, so far as'l have yet delivered it, is wholly inde 
pendent of the law or laws of flmd expansion, and does not even 
consider whether fluids expand by general or particular R^ws, 
nor whether they have points of greatest density or Mr. 

Dalton’s theory makes the expansions of all gaseous bodies to 
follow a geometrical progression, while the temperatures follovv 
an arithmetical; or that the temperatures from some given point 
are as the logarithms of the expansions ; but, according to my 
tlieorv, the squares of the true temperatures are as the volumes, 
and, 'therefore, the first differences of the volumes, or the - 
increments of expansion, are proportional to the second dmer- 
ences of the corresponding temperatuiesr— a law which diners 
materially from Mr. Dalton’s; for his increments of temperature 
bear no ratio whatever to any order the differences of expan- 
sion. Notwithstanding, however, this wide difference ^between 
the two laws, it must . he confessed that Mr. Dalton has , 
approached nearer to the ileas I have developed than any’other 
pfolosopher 1 know of; and had he applied his views of fluid 
expansion to gasos, he would have anticipated the geneTal law 
of temperature I have given •* 
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Article 111 . 

Oil Two tfew Compounds of Chlorine and Carbon, and on a new 
Compound of Iodine, Carbon, and Hydrogen. By Mr. Faraday, 
Chemical Assistant in the Royal Institution.* 

• One of the first circumstances that induced Sir H. Davy to 
doubt the compound nature of what was formerly called oxymu- 
riatic acid gas, was the want of action of heated charcoal upon 
it ; and considerable use of the same agent, and of the pheno- 
mena exhibited by it in different circumstances with chlorine. 
Was afterwards made in establishing the simple nature of that 

body. .... c 

The true nature of chlorine being ascertained, it became ot 
importance to form all the possible compounds of it with other 
elementary substances, and to examine them in the new view 
had of their nature. This investigation has been pursued with 
such success at different times, that very few elements remain 
nncombined with it ; but with respect to carbon, the veiy cir- 
cumstance which first tended to correct the erroneous opinions 
which, after Scheele’s time, and before the year 1810, had gone 
abroad respectidg its nature, proved an obstacle to the forma- 
tion of its compounds ; and up to the^^resent lime, the chlorides 
of carbon have escaped the researches of chemists. 

That the difficulty met with in forming a compound of chlorine 
and carbon was probably not owing to any want or weaknps of 
affinity between the two bodies, was pointed out by Sir H. 
Davy'; who, reasoning on the triple compound of chlorine, 
carbon, and hydrogen, concluded that the atti’action of the two 
bodies for each ouier was by no means feeble ; and the disco- 
very of phosgene gas by Dr. Davy, in which chlorine and carbon 
are' combined with oxygen, was another circumstance strongly 
in favour of this opinion. 

I was induced last summer to take up this subject, and have 
been so fortunate as to discover two chlorides of carbon, and a 
compound of iodine, carbon, and hydrogen, analogous in its 
nature to the triple compound bf chlorine, carbon, andhydrogen, 
sometimes called chla.*ic ether. I shall endeavour in the follow- 
ing pages to describe these substances, and give the experi- 
mental proofs of their natttfg. 

If chlorine and olefiant ’jgas be mixed together, it is well 
. known that condensation takes placef and a colourless limpid 
volatile fluid is produced, containing chlorine, carbon, and 
hydrogen.* If the volumes of the two gases are equal, the con- 
drasarion is perfect. If the olefiant gas is in excess, that excess 
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is left unchanged. But if the chlorine is in excess^ the fluid 
becomes of a yellow tint, and acid fumes are produced. This 
circumstance alone proves that chlorine can take hydrogen from 
tlie fluid; and, on examination, Ifound.it was without the libe- 
ration of any carbon or clilorine. 

That the action thus began, might be carried to its utmost 
extent, some of the pure fluid (chloric ether) was put into a 
retort with chlorine,* and exposed to sunshine. , At the first 
instant of contact between the chlorine and the fluid, the latter 
became yellow ; but when in the sun's rays, a few moments 
sufficed to destroy the colour both of the fluid and the chlorine, 
heat being at the same time evolved. On opening the retort, 
there was no absorption, but it was found full of muriatic acid 
gas. This was expelled, and more chlorine introduced, and the 
whole again exposed to sun light : the colour again disappeared, 
and a moist crystals w^ere formed round the edge of the 
fluid. Chlorine being a third time introduced, and treated as 
before, it still removed more hydrogen ; and now a sublimate of 
crystals lined the retort. Proceeding in this way until the 
chlorine exerted no farther action, the fluid entirely aisappfiared, 
and the results were, the dry crystalline substance, and muriatic 
acid gas. 

A portion of olefiant gas was then mixed in a retort with 
eight or nine times it^bulk of chlorine, and exposed to sun 
light. At first the fluid formed ;^ut this instantly disappeared ; 
tlie retort became lined with crystals, and the colour of the 
chlorine very much diminished. 

On examining thesR crystals, I found they were the compound 
I was in search of ; but before I give the proofs of their nature, 

I will describe the process by which this chloride of carbon can 
be obfrained pure. 

Per chloride of Carbon, 

A glass vessel w as made in the form of an alembic head, but 
without the beak; the neck was considerably contracted, and 
had a brass cap with a stop-cock cemsnted on ; at the top was 
a small aperture, into which a ground stopper fitted air tight.'* 
The capacity of the vessel was Aout 200 cubic inches. Being 
exhausted by the air-pump, it was nearly tilled with chlorine ; 
and being then placed over olefiant gas, and as much as could 
eater having passed in, the stop-cocks were shut, and the whole 
left for a short time. When the 'fiuid compound of chlorine and 
olefiant gas had formed land condensed on the sides of the vessgl, 
it was again placed over olefiant gas, and, in consequence of the 
condensation of a large portion of, the gases, a xionsiderable 
quantity more entered. This was left, as beforcy to combine 
with part of the remaining* chlorine, to condense, and to form a 
partial vacuum ; whiph was again filled with olefiant gas, and 
the process repeated until all Uie chlorine had united to form the 
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J^p4 tl^ ¥es«el rcsmained ftill of olefiant gas. Ghlorine was 
tfiea aini tied in repeated portions as before ; consequently more 
of tbe fluid formed ; and ultimately a large portion was obtained 
in the bottom of the vessel, and an atmosph ere of chlorine above 
it. If was now exposed to sun light. The chlorine immediately - 
disappeai'ed, and the vessel became filled with muriatic acid gas. 
Having ascertained that water did not interfere with the action* 
of the substances, a small portion was admitted into the vessel 
whioh absorbed the muriatic acid gas, and then another atmo- 
sphere of chlorine was iuti*oduced. Again exposed to the light, 
this was partly combined with the carbon, and partly converted 
ipto muriatic acid gas ; which, being as before absorbed by the 
water, left space for more chlorine. Repeating this action, the 
fluid gradually became thick and opaque from the formation of 
ctystals in it, which at last adhered to the sides of the glass as 
it was turned round ; and ultimately the vessel only contained 
chlorine with the accumulated gaseous impurities of the succes- 
sive portions ; a strong solution of muriatic acid, coloured blue 
from the solution of a little brass, and the solid substance. 

I have frequently carried the process thus far in retorts ; and 
it is evident that any conveniently formed glass vessel will 
answ^er the purpose. The admission of water during the process 
prevents the necessity of repeated exhaustion by the air-pump, 
which cannot be done without injury tgi„the latter; but to have 
the full advantage of this paii^pf the process, the gases should 
be as pure as possible, that no atmosphere foreign to the experi- 
ment may collect in the vessel. 

In order to cleanse the substance, the r(*maining chlorine and 
muriatic acid were blown out of the vessel by a pair of bellows, 
introduced at the stoppered aperture, and the vessel afterwards 
filled with water, to wash away the muriatic acid and other soluble 
matters. Considerable care is then requisite in the further 
purification of the chloride. It retains water, muriatic acid, and 
a substance, which I find to be a triple compound of chlorine, 
carbon, and hydrogen, formed from the cement of the cap ; and 
as all these contain hydrogen, a small quantity of any one 
remaining with the chloride would, in analysis, give erroneous 
results. Various methods of •purification may be devised, 
founded on the properties of the substance, but I have found the 
following the most convenient. The substance is to be washed 
from off the glass, and poured with the water into a jar ; a little 
glcohol will remove the last portions which adhere to the glass ; 

this, when poured into the water, will precipitate the chlo- 
ride, ami tlie whole will fall to the bottom of the vessel. Then 
having decanted the water, the chloride is to be collected on a 
filter, and dried as much as may be by pressure between folds 
of bibulous paper. It should next be introduced into a gtoa 
tube, ^ud sublimed by a spirit ianip : the pmre substance with 
Wi^t^r wfl rise at first, but the kst portions wi|l be paitiB% 
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4^comp08ed, muriatic acid will be liberated, and charcoal left# 
The sublimed portion is then to be dissolved in alcohol, and 
poured into a weak solution of potash, by which the substance 
IS thrown down, and the muriatic acid neutralized and separated; 
then wash away the potash and muriate by repeated affusions 
of water, until tlie substance remains pure; collect it on a 
Inter, and dry it, first between folds of paper, and afterwards by 
suljphuric acid in th^ exhausted receiver of the air-pump. 

It will now appear as a white pulverulent suostance ; and if 

f ierfectly pure wilt not, when a little of it is sublimed in a tube, 
eave the slightest trace of carbon, or liberate any muriatic acid. 
A small portion of it dissolved in ether, should give no precipi- 
tate with nitrate of silver. If it be not quite pure, it must oe 
|•esublimed, washed, and dried until it is pure. 

This substance does not require the direct rays of the sun for 
its formation. Several tubes were filled with a mixture of one 
part of olefiant gas with five or six parts of chlorine, and placed 
over water in trie light of a dull day ; in two or three hours 
there was very considerable absorption, and crystals of the 
substance were deposited on the inside of the tubes. •! have 
also often observed tlie formation of the crystals in retorts in 
common day light, 

A retort being exhausted had 12 cubic inches of olefiant gaa 
introduced, and 24*75 ^ubic inches of chlorine : as soon as the 
condensation occasioned by the^formation of the fluid had taken 
place, 21*5 cubic inches more of chlorine were passed in, and 
the retort set aside in a dark place for two days. At the end of 
that time muriatic atid gas and the solid chloride had formed, 
but the greater part of the fluid remained unchanged. Hence it 
will form even in the dark by length of time. 

I tried to produce the chloride by exposure of the two gases 
in tubes over water to strong lamp light for two or three hours^ 
but could not succeed, 

The perchloride of carbon, when pure, is immediately aftei? 
fusion, or sublimation, a transparent colourless substance. It 
has scarcely any taste. Its odour is aromatic, and approaching 
that of campnor. Its specific gravity is as nearly as possible 2% 
Its refractive power is high, being above that of flint glass 
(1*5767). It is very friable, easily breaking down under pres-r 
sure ; and when scratched has much of the feel and appearance 
of white sugar* It does not conduct electricity. 

The crystals obtained by sublimation and from solutions of 
the substance in alcohol and ether, are dendritical, prisms^c, 
or in plates ; the varieties of form, which are very inteesting^ 
are easily ascertained# and resuU from a primitive ectohcdron* 

It volatilizes slowly at common temperatures, and passes, in 
the of campha^^ ^wsyrds the light* If warned, it rises 

ipore raiu^y# and then: forme fine cry#tale : when the tempera^ 

turn i% fuflhf r H fmet nf 32(F Fahr? and bmla at 
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iittder atmospheric ptessare. When condensed again from 
theae rapid Sublimations, it concretes in the tipper part of •the 
tube or vessel Containing it, in so transparent and Colourless a 
state, that it is difficult, except from its high refractive power, 
to perceive where it is lodged. As the crust it forms becomes 
thicker, it splits, and cracks like sublimed camphor; and in a 
few minutes after it is cold, is white, and nearly opaque. If the 
heat be raised still higher, as when the suostance is passed 
rfirohgh a red hot tube, it is decomposed, chlorine is evolved, 
and another chloride of carbon, which condenses into a fluid, is 
obtained. This shall be described presently. 

It is not readily combustible ; when held in the flame of a 
spirit lamp, it burns with a red flame, emitting much smoke and 
acid fumes ; but when removed from the Tamp, combustion 
ceases. In the combustion that does take place in the lamp, 
the hydrogen of the alcohol, by combining with the chlorine of 
the compound, performs the most important part ; nevertheless, 
when the substance is heated red in an atmosphere of pure 
oxygen, it sometimes burns with a brilliant light. 

It is hot soluble in water at common temperatures ; or only in 
very small quantity. When a drop or two of the alcoholic solu- 
tion is poured into a large quantity of water, it renders it turbid 
from the deposition of the substance. It does not appear 
that hot water dissolves more of it than ^Id water. 

It dissolves in alcohol with facility, and in much greater quan- 
tity with heat than without. A saturated hot solution crystal- 
lizes as it cools, and the cold solution also givers crystals by 
spontaneous evaporation. When poured into water, the chloride 
is precipitated, and falls to the bottom in flakes. If burnt, the 
flame of the alcohol is brightened by the presence of the sub- 
stance, and fumes of muriatic acid are liberated. Solution of 
nitrate of silver does not produce any turbidness in it, unless it 
be in such quantity that the water throws down the substance ; 
but no chloride of silver is formed. 

It is much more soluble in ether than in alcohol, and more so 
in hot than in cold ether. »The hot solution deposits crystals as it 
cools ; and the crystallization of a cold solution, when evaporated 
on a glass plate, is very beautiful; This solution is not precipi- 
tated by water, unless thf^ ether has previously been dried, and 
then water occasions a turbidness. Nitrate of silver does not 
precipitate it. When burned, muriatic acid fumes are liberated, 
out the greater part of the chloride remains in the capsule. 

It is soluble m the volatile oils, and on evaporation is again 
obtained in crystals. It is also readily soluble iti fixed oils. 
The solutions when heated liberate muriatic acid gas, and the 
oil becomes of a dark colour, as if charred. 

Solutiotis of the acids and alkalies do nOt abt with any energy 
on the substance. When boiled with solutions of pure pota3a 
and soda, it rises and condenses in the upper pkrt or the veisel; 
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and though it be brought down to the alkali many times, 
rebpiled, still the alkali, when examined, is not found to oont^m 
any chlorine, nor is any change produced. Ammonia in solur 
tion is also without action upon it,^ These solutions do not 
appear to dissolve more of it than pure water. 

Muriatic acid in solution does not act at .all upon it. Strong 
nitric acid boiled upon it dissolves a portion, but does not decom- 
pose it : as it cools, ^ part of the chloride is deposited unaltered, 
and the concentrated acid, when diluted, lets more fall down. 
The diluted portion being filtered, and tested with nitrate of 
silver, gives no precipitate. It does not appear to be either 
soluble in, or acted upon by, concentrated sulphuric acid. It 
sinks slowly in the acid, and, when heated, is qimverted into 
vapour, which, rising through the acid, condenses in the upper 
part of the tube; 

It is not acted upon by oxygen at temperatures under a red 
heat. A mixture of oxygen and the vapour of the substance 
would not inflame by a strong electric spark, though the temper- 
ature was raised by a spirit-lamp to about 400°. When oxygen 
mixed with the vapour of the substance is passed through a red- 
hot tube, there is decomposition ; and mixtures of chlorine, car- 
bonic oxide, carbonic acid, and phosgene gases are produced. 
A portion of the chloride w as heated with peroxide of mercury 
in a glass tube over mercury ; as soon as the oxide had given off 
oxygen, and the healT had risen so high as to soften the glass 
considerably, the vapour suddenly detonated with the oxygen 
with bright inflammation. The substances remaining were 
oxygen, carbonic a^,id, and calomel ; and I believe there was 
no decomposftioh or action, until so much mercury had risen in 
vapour as to aid the oxygen by a kind of double affinity in 
decomposing the chloride of carbon. 

Chlorine produces no change on the substance, either by 
exposure to light or heat. 

When iodine is heated with it at low temperatures, the two 
substances melt and unite, and there is no further action. 
When heated more strongly in vapour, the iodine separates 
chlorine, reducing the perchloride to the fluid protochloride of 
carbon, and chloriodine is produced. This dissolves, and if no 
excess of iodine be present, the whole remains fluid at common 
temperatures. When water is addedf, it generally liberates a 
little iodine; and on heating the solution, so as to drive off all 
free iodine, and testing by nitrate of silver, chloride and iodide 
of silver are obtained. 

Hydrogen and the vapour of the substance would net infla^ 
at the temperatinre of 400° Fahr* by strong elec, ^cal sparks ; 
but when the mixture was ^ent through a red-hot tube, 
chloride was decontppsed, and. muriatic acid gas and charwal 
produced. 4 < 

The vapour , of perchloride of carbou veaddy deiaiia^^ 
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<ii^ electrie sptcrtE: witli a taixltir^ of oxygen arid hydrogen gaiset ; 
brit the gaseoris restilta are very mixed arid nncertriin, fVorii thfe 
near eqtiipoiae of affinities that exist among the elemerits. 

Snlpnur readily uriites it when mailed ^ith it, and the mix- 
ture crystallizes on cooling into a yellowish maSs. When 
heated mote strongly, the substance rises unchanged, and leaves 
the Sriiphur unaltered ; but when the mixijd vapours are raised 
to a stiil.higher temperature, chloride of sulphur arid protochlo- 
lide of carbon are formed. Sometimes there are appearances as 
if a carburet of sulphur were formed, but of this I have not 
satisfied myself. 

Phosphorus at low temperatures melts and unites with the 
Substance, without any decomposition. If heated in the vapour 
of the substance, but riot too highly, it takes away chlorine, and 
forms the protochlorides of phosphorus and carbon. If heated 
more highly, it frequently inflames in the vapour with a brilliant 
combustion, and abundance of charcoal is deposited. Somc- 
tiriies I have had the charcoal left in films stretching across the 
tubes, and occupying the space where the flame passed. The 
appearhnce is then very beautiful. 

when phosphorus is heated with the vapour of the substance 
over mercurj^, so as not to inflame in it, there is generally a 
small portion of muriatic acid gas formed. If great care be 
taken, this is in very minute quantity; fiiid its variable propor- 
tion sufficiently shows, that tne hydrogen which forms it aces 
hot come from the substance. 1 am induced to believe that it 
iiS derived from moisture adhering to the phosphorus. The 
action of iodine on phosphorus shows, thaf it is ^ery difficult to 
dry the latter substance perfectly. 

A stick of phosphorus put into the alcoholic or etherial solu- 
tion of the perchloride did not exert any action upon it. “ 

Charcoal heated in the vapour of the substance appears to 
have no action upon it. m - 

Most of the metals decompose it at high temperatures . 
Potassium bums brilliantly in the vapour, depositing charcoal, 
and forming chloride of potassium. Iron, zinc, tin, copper, arid 
•nercury, act on it at a red heat, forming chlorides 6f tbos^e 
metals, and depositing charcoal; and when the eXperimeilts 
^re made with pure subctances, and very carefully, no other 
teatilts are obtained. Some of the substance was jpassed over 
irbri turnings heated in a glass tube. At the coirimeriCemerit of 
the sublimation of the chloridethroughthehot iroil the comiribri 
air of the vessels was expelled, and received in dinerent tubes ; 
brit befofe one-third of the substance had been passed, all libe- 
ration of gas tjeased, and the retriainder was dec<>m|K)aed by the 
irbn, vHthou^ production of any gaseous matters. TKe dlf- 
fiereritpoitions of air that were thrown^ out being ekimiried, thb 
first proved to be common air, and the last carbonic oXide. Thik 
bad resulted, probably, from the action of the cWoririe bri the 
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lead of the tube. An evident action had taken place, artd 
the oxygen ev^oivad, inaeting n^ith the liberated catbon, #ould 
prodtice the carbonic oxide. This experiment has bead Repeated 
several times with tlie same residts. 

< When the perchloride of carbon is heated with metallic 
oxides, different results are produced according to the propot- 
tions of oxygen in the oxides. The peroxides, as of mercury, 
copper, leaoj and tin, produce chlorides of those metals, and 
carbonic acicl ; and the protoxides, as those of zinc, lead, 8tc. 
produce also chlorides ; but the gaseous products are mixtures 
•of carbonic acid and carbonic oxide. 1 have frequently per- 
• ceived the smell of phosgene gas on passing the chloride over 
oxide of nnc ; and as the substance easily lib^erates chlorine at 
high temperatures, it will be readily seen how a small portion of 
that gas may be formed. It also happens, sometimes, that 
the protoxides become blackened from the deposition of 
' charcoal. 

When the vapour of the chloride is passed over lime, baryta, 
or strontia, heated red hot, a very vivid combustion is produced. 
The oxygen and the chlorine change places, and both the metals 
and the carbon are burnt. Chlorides are produced, carbonic 
acid is formed and absorbed by the undecomposed parts of the 
earths, and carbon is deposited. In these experiments no car- 
bonic oxide is produced* When passed over magnesia, there is 
no action on tlie earthr^but the perchloride of carbon is con- 
verted bj* the heat into protochloride. 

In these experiments with the oxides no trace of water could 
beperceived. ^ 

Having thus far described the properties of the substance, I 
shall now give the reasons which induce me to consider it a 
true cihloride of carbon, and shall endeavour to assign its com- 
position. My first object was to ascertain whether hydrogen 
existed in it or not. When phosphorus is heated in it, a small 
quantity of muriatic acid is generally formed ; but doubt arises 
as to the cause of its production, from the circumstance that tJm 
phosphorus^ as already mentioned, may be the source of the 
hydrogen* When potassium is heated in the vapour of the sub- 
stance, there is generally a small expansion of volume, and 
inflammable gas produced ; but it is yery difficult to cleanse 
potassium both from naptha and an adhering cmst of moist 
potash ; and either of these, though in extremely minute quan- 
tities, Worfd give fallacious results, 

A more unexceptionable experiment made wdth iron has been 
already described ; and the inferences from it are againat the 
pf asenee of hydiO^n in the compound. 

Some of tbO Substance in vapour was electrized over 
vby having nmoy hundred sparks^^t^ through it. Oalomil 
was formed, and carbon depositea. A very minute bubble df 
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£«s was ptodwed^ it was much too small to interfere with 
iie coacfusi^ ^wn respecting the binary ^w^of the com- 
pound ; and was probably caused by air that had adhered to the 
sides of the t»be when the raerc^ was poured in. 

The most perfect deVuonstration that the body contains no 
hydrogen, and indeed of its nature altogether, is obtained from 
. the circumstances which attend its formation. When the fluid 
compound of chlorine and olehant gas ia acted on by chlorine 
and War light in close vessels, although the whole of the cldo- 
rine disappears, yet there is no change of volume, its place being 
occupied by munatic acid gas. Hence, as munatic acid gas is 
known to consist of equal volumes of chlorine and hydrogen, 
condiined without condensation, it is evident that half the chlo- 
rine introduced into the vessel has combined with the elements 
of the fluid, and liberated an equal volume of hydrogen ; and 9S, 
when the chloride is perfectly formed, it condenses no muriatic 
acid gas, a method, apparently free from all faUacy, is thus 
afforded of ascertaining its nature. , . , • 

I have made many experiments on given volumes of chlonne 
and olefiant gases. A clean dry retort was fitted with a cap and 
stop-cock, its capacity was 25-23 cubic inches. Being ex- 
hausted by the air-pump, it was filled with mtrogen (24-25 cubic 
inches being required), and being a^ain exhausted, 5 cubic 
inches of olefiant gas, and 10 cubic inches of dilorine, were 
introduced. It was then set aside for half an hour, that the 
fluid compound might form, and afterwards being placed again 
over ajar of chlorine, 13*25 cubic inches entered ; so that the 
condensation had been as nearly as possijple 10 cubic inches, or 
•twice the volume of the olefiant gas (barometer, 29-1 inches). 
It was now placed for the day (Oct. 18) in the rays of the sim ; 
but the weather was not very fine. In the evening Uie solid 
crystalline substance had formed in^almfidance, and very little 
fluid remained. When placed over not the slightest 

change in volume had been produced, ^e stop-oock was now 
opened under mercury, and a small poriSon of the metal having 
entered, it was agitated in the retort, to absorb the tdilorine ; the 
neck of the retort was left open under the mercury all nig^ht, 
*aad the whole agitlOed from time to time. Next momin| 
(barometer 29-6) the mercury which had entered, being passed 
into the neck of the rdtort, stood ^ a certain arndt rax indies 
above the level of the mercury in the trou^, occupymg 1p25 
cubic inch, and leaving 24 cubic inches filled Iqr the expMoed 
muriitic amd gas and nitrogen- These .volumes eom«ted to 
ihe niefsure of^29*l indies give 5*78 e^e indiei Impaie 
rineKwhfd, and 19-47 cubic mcdbies for tire 
&c. ^ l&^^absorbed by water left l*2 c«bie Mh el retvogen ; 
so dm* the gBses in the retort, siter the actkoi of sdmr ]|j|^ 
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Cubic indien. 

. Muriatic acid gas 18*27 

Chlorine 5*78 

Nitrogen, {fcc 1*2 

and before that action, 

Chlorine 29*25 

Olefiant gas . . .* 5*0. 

Nitrogen 1*0 


Hence 23*47 cubic inches of chlorine had disappeared, and 
9*13 of these had entered into combination with an equal volume 
of 9*13 cubic inches of hydrogen liberated from the five cubic 
inches of olefiant gas, to form muriatic acid ; and, consequently, 
14‘34 cubic inches of chlorine remained combined with the car- 
bon of the five cubic inches of olefiant gas. Here, the volume 
of chlorine actually employed is not quite five times that of the 
olefiant gas, nor the volume of muriatic acid gas produced, equal 
to four times that of the olefiant gas ; but they approximate ; 
and when it is remembered that the conversion was not quite 
perfect, and that the gases used would inevitably contain a slight 
portion of impurity, the causes of the deficiency can easily be 
underslood- 

In other experiments made in the same way, but with smaller 
quantities, more accurate rWults were obtained : 1 cubic inch of 
olefiant gas with 12*25 cubic inches of chlorine, produced by the 
action of light 3*67 cubic inches of muriatic acid gas, 4*963 of 
the chlorine having been ^ised, 1*4 cubic inch of olefiant gas 
w ith 12*5 cubic inches of chlorine produced 6*06 cubic inches of 
muriatic acid gas, 6*7 cubic inches of chlorine having been used;^ 
Other experiments gave vej^^ nearly the same results; and I 
have deduced from them^ that one volume of olefiant gas 
requires five volumes of for its conversion into muriatie^ 

acid and chloride of carBbli ; jftat four volumes of muriatic acid 
gas are formed ; tliat thre# volumes of chlorine combine with 
the two volumes of carbon in the olefiant gas to form the solid 
crystalline chloride ; and that, when chlorine acts on the fluid 
compound of ebiorine and olefiant gas, for volume of chli>^ 

rine that combines, an equal yplume of hydrogen is separated. 

I have endeavoured to veri^ these proportions by anaiytieftt 
experiments. The mode 1 adopted was, to send the substanoe 
in vapour over metals and metallic oxides at high temperatufei. 
Considerable care is requisite in such experiniente ; for if tibe 
process be imrried on quickly, a portion oriuid chloride of iiaiw 
bon is formed^ and escapes The foUo^ing are 

two results fiotn a numhir ef experiments agi^ well with 
each other. 

Five grains were passed over peroxide of copper in an iron 
tube, and the gas ccilected over mercury; it amounted to 3*S> 
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cubic inches, barometer 29*85; thermometer 54° Fahr. Of 
these nearly 3^8 cubic inches were carbonic acid, and rather 
more than *1 of a cubic inch was carbonic oxide. Tfiese are 
nearly equal tp *5004 of a grain of carbon. Hence, 100 of the 
chloride would give 1?) o f carbon nearly, but by calculation 100 
should give lO’To. The difference is so small as to come within 
the limits of errors in experiment. 

Five grains were passed over peroxWe of copper in a tube 
made of green phial glass, and the chlorine estimated in the 
same manner as before. 17-7 grains of chloride of silver were 
obtained equal to 4*30 grs. of chlorine. This result approaches 
/ much nearer to the calculated result than the former; but there 
had still been action on the tube, and a minute portion of the 
substance had passed undecomposed, and condensed at the 
opposite end of the tube in crystals. 

fixperimeiits made by passing the perchloride over hot lime 
or barytes, promise Jo be more accurate and easy of performance. 
In the mean time, the above analytical results will, perhaps, be 
considered as strong corroboration of the opinion of' the nature 
of«^the compound, deduced from the synthetical experiments ; 
and the composition of the perchloride of carbon will be 


3 proportions of chlorine == 100*5 

2 ditto carbon =s: ] 1*4 


1U*9 

Protochloride of Carbon^ 

Having said so much on the nature ^)f the perchloride of car- 
bon, I sball.have less occasion to dwell on the proofs tliat the 
compound I am about to describe, is also a binary combination 
qC carb on and chlorine . 

When the vapour of the perchloride of carbon is heated to 
dull redness, chlorine is liberaled, and a nev/ compound of that 
element and caibon is produced. This is readily shown by heat- 
ing the bottom of a small glass tube, containing some of the 
perchloride in a spirjt lamp. The substance at first sublimes, 
but as the vapour becomes heated below, it is gradually con- 
verted into protochloride, and chlorine is evolved. 

It is not witliout considerable precaution that the protochloride 
of carbon can be obtained pure ; for though passed tlirough a 
great length of heated tube, part of the perchloride frequentlv 
escapes decomposition. The process I have adopted is the fof- 
tewing : some of the perchloride is introduced into the closed 
ondsof a tube, and the space above it, for 10 or f2 inches, filled 
with small fragments of rock ciystal ; the part of the tube 
beyond this is then bent up and down two or throe times, so 
that the angles may form receivers for the new compound ; then 
beating the tube and crystal to blight redness, and dipping the 
itigiea in water, the perchloride is sloVIy sui^med by a spirit 
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Imnp, and, on passing into the hot part of the tube, is decom- 
posed a fluid passes over, which is condensed in the angles of 
the tube, and chlorine is evolved; part of the gas escapes, blit 
the greater portion is retained in solution by theffuid, and renders 
it yellow. Having proceeded thus far, by the careful applicatipa 
of a lamp and blow-pipe, the bent part of the tiibe may be sepa^ 
rated from that within the furnace, and the end closed, so as to 
form a small retort ; and on distilling the fluid four or five times 
from one angfo to the other, all the chlorine may be driven off 
without any loss of the substance, and it becomes limpid and 
colourless. It still, however, always contains some perchloridc^ 
which has escaped decomposition; and, to separate this, 1 hav^ 
boiled the fluid until the tube was nearly full of its vapour, and 
then closing the end that still remained open, by a lamp and 
blowpipe, have afterwards left the whole to cool. It is then easy^ 
by collecting all the fluid into one end of the tube, and introduc- 
ing that end through a cork into a receiver,* under which a veiy 
small flame is burning, to distil the whole of the fluid at a tem- 
perature very little above that of the atmosphere. The solid 
chloride bmng less volatile does not rise so soon, and the pure 
protochloride collects at tlie external end of the tube. To ascer- 
tain its purity, a drop may be placed on a glass plate; it will 
immediately evaporate, and if it contains perchloride, that sub- 
stance will be left behind ^otherwise, no trace will remain on 
the glass. The presence or absence of free chlorine may be 
ascertained by dissolving a little of the fluid in alcohol or ether, 
and testing by nitrate of silver. 

The pure protochloridfi of carbon is a highly limpid fluid, and 
perfectly colourless. Its specific gravity is 1*5526. It is a 
non-conductor of electricity. I am indebted to Dr. Wollaston 
for the determination of the refractive power of this chloride, 
and for the approximation to the refractive power given of the 
perchloride. In the present case it is 1*4875, being very ueaurly 
that of camphor. It is mot combustible except when held in a 
flame, as of a spirit lamp, and then it burns with a bright yellovif 
light, much smoke, and fumes of mmiatic^id. 

It does not become solid at the zero of Fahrenheit’s scale*^ 
When its temperature is raised under the surface of water to 
between 160® and 170^, it is converted into»vapour, and remaini 
in that state until the temperature is lowered. When heated 
more highly, as by being passed over red hot rock crystal in a 
glass tube, a small portion is always decomposed; nearly jdl 
tlie fluid may, however; be condensed again, but it passes«s%b% 
coloured, and tlie tube and crystal are blackened on the 
by charcoal. I am uncertain whether this decompositidn ouftbt 
not to be attributed rather to the action of tlie g^ass at this fo 
temperature than to the heat alone. 

It is not soluble in w«i,ter, but remaihs # the b<ittonr?nf iSh 
drops^ for many weeks, without any action. 

I 2 
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U ie soluble in alcohol and ether; and the solutions burn with 
a sreenish flame, evolving fumes of muriatic acid.^ 

It is soluble in the volatile and fixed oils. Ihe volatde oils 
containing it burn with the emission of fumes of muriatic acid. 
When the solutions of it in the fixed oils are heated^ they do 
not Whmken or evolve fumes of muriatic acid, it is, therefore, 
probable, that when this happens with^the solution of the per- 
chloride iiv fixed oils, it is from its conversion by the heat into 
protochloride and the liberation of chlorine. 

It is not soluble in alkaline solutions, nor do they act on it in 
eome days. Neither is it at all soluble in, or Reeled by, strong 
nitric, muriatic, or sulphuric acids. 

Solutions of silver do not act on it. ^ , 

' Oxygen decomposes it at high temperatures, forming carbonic 
oxide, or acid, and liberating chlorine. 

Chlorine dissolves in it in considerable quantity, but has no 
further action, or only a verj' slow one in common day light ; 
on exposure to solar light, a dift’erent result takes place. I 
ha,ve only had two days, and those in the middle of November, 
on which 1 could expose the protochloride of carbon in atmo- 
spheres of chlorine to solar light ; and hence the conversion of 
the whole of the protochloride was not perfect ; but at the end 
of those two days the retorts containing the substances wen' 
lined with crystals, which, on exa*"inatiou under the micr^ 
scope, proved to be quadrangular plates, resembling those of the 
perchloride of carbon. There were also some rhomboidal crys- 
tals here and there. After the formation of these crystals, there 
was considerable absorption in the retort; hence chlonne had 
combined; and the gas which remained was chlorine unmixed 
with anv thing else, except a slight impurity. Hie solid body, 
on examination, was founil to lie volatile, soluble in alcohol, pre- 
cipitable by water, and bad the smell and other properties of 
pCTchloride of carbon. Hence, tbongh heat in separating chlo- 
rine from the perchloride of carbon proiluces its decomposition, 
light occasions its reproduction. 

^ It dissolves iodine very readilv, atui forms a bnlliant red solu- 
tion, similar in colour to tliat made by putting iodine into 
Bulphuret of carbon, or chloric ether.- It does not exert any 
further actiou on iodine at common temperatures. 

An electric spark passed through a mixture of the vigour of 
the chloride with hydrogen, does not cause any detonation, but 
when a number are passed, the decomposition is gradually 
tinted, and muriatic acid is formed. When hydre^en and ^ 
vapour of the protochloride are passed through a red hot tube, 
tMre is*a complete decomposition effected, muriatic acid gas 
being ftrrmed, and charcoal deposited. The mixed vapour and 
gas bum wifli flame as they arrive in the hot part of the tube. 
The vapour of tlie protochloride detonates remlily by the electee 
spark with a mixture of oxygen and hydrogen gases, and a 
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complete decomposition is effected. It will not detonate with 
the vapour of water. 

Sulphur and phosphorus both dissolve in it, but exert no 
decomposing action at temperatures at, or below, the boiling 
point of the chloride. The hot solution of sulphur becomes It 
solid crystalline mass by cooling. Phosphorus decomposes it 
at a red heat. , 

Its action on metals Is veiy similar to that of the perchloride. 
When passed over them at a red heat, it forms chlorides, and 
liberates charcoal. Potassium does not act on it immediately 
at common temperatures ; but, when heated in its vapour, burna 
brilliantly, and d^osits charcoal. 

When passed over heated metallic oxides, chlorides of the 
metals are formed, and carbonic oxide, or carbonic acid, accord- 
ing to the state of oxidation of the metal. When its vapour ia 
transmitted over heated lime, baryta, or strontia, the same bril- 
liant combustion is produced as with the perchloride. 

WJiile engaged in analyzing this chloride of carbon, for the 
purpose of ascertaining the proportions of its elements, I endea- 
voured, at first, to fmd how much chlorine was liberated from a 
certain w'eight of perchloride during its conversion into proto- 
chloride, and for this purpose distilled the perchloride through 
red hot tubes into solution of nitrate of silver, receiving the gaa 
into tubes filled with and^knmersed in the same solution ; but I 
could never get accurate results in this way, from the difficulty 
of producing a complete decomposition, and also from the form- 
ation of chloric acid. Fi ve grains of perchloride distilled in this 
manner gave 4*3 grains of diloride of silver, which are equiva- 
lent to 1*06 grain of chlorine ; but some of the chloride eviaently 
passed undecomposed, and crystallized in the tube. 

2*7 grains of the pure protoc^loride were passed over red hot 
pure baryta in a glass tube : a very brilliant combustion with 
dame took place, chloride of barium and carbonic acid were 
produced, and a little charcoal deposited. When the tube wa»^ 
cold, the barytes was dissolved in nitric acid, and the chlorine 
precipitated by nitrate of silver. 9*4 grcRns of dry chloride of 
silver were obtained = 2*32 grains of chlorine. 

Other experiments were made with lime, w'hich gave results 
very near to this, the quantity of chloride being rather less* 

Three gmins of pure protochloride were passed over peroxide 
of copper heated red hot in an iron tube, and the gas received 
over mercury. 3*6 cubic inches of carbonic acid gas came o?^ 
mixed with ^ 1 of a cubic inch of common air. These |h& cubic 
inches are nearly equal to ^449 of a grain of carbon. 

These experiments indicate the composition of the flUid chlo- 
ride of carbon to be one proportion of chlorine au4 one of eaf- 
bon, or 33*6 of the former, arribr? of the latter. The differeioc^ 
between these theoretical numbers, and the reaultg of die 
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is not too great to have arisen from erroi's in working 
on such small quantities of the substance. 

/ A mixture of equal volumes of oxygen and hydrogen was 
atade, and two voluides of it detonated with the vapour of the 
protochloride in excess over mercury by the electrrc spark, the 
^DROSion was very nearly to four volumes ; of these, two were 
muriatic acid, and the rest pure carbouic oxide :^and calomel 
liRd been fbrined, its presence being ascertained by potash. 
Benoe it appears, that one volume of hydrogen and half a volume 
pf oxygen had decomposed one proportion of the protochloride, 
forming the two volumes of muriatic acid gas |pd one volume of 
carbonic oxide ; and that at tlie intense temperature produced 
tvithinthe tube by the inflammation, the rest of the oxygen and 
tbe mercury had decomposed a further portion of the substance, 
giving rise to the second volume of the carbonic oxide, and to 

the calomel. ^ 

A mixture of two volumes of hydrogen and one volume ot 
<Mrye:en was made, and three volumes of it detonated with the 
Ta^iir, as before. After cooling, the expansion was to six 
▼oiiimes, four of which were murmtic acid, and two carbonic 
oxide. There was no action on the mercury in this experiment 
Affain, five volumes of the same mixture being detonated with 
tfee vapour of the substance, expanded to 9*75 volumes, of which 
6-26 were absorbed by water and wtle mitrmtic amd, and d‘5 
were carbonic oxide mixed with a very small portion of air intro- 
duced along with the fluid chloride. These experiments, 1 
think, establish the composition of the protochloride of carbon, 
and prove that it contains one proportion of each of its ele- 

From a consideration of the proportions of these two chlorides 
of carbon, it seems extremely probable that another rnay exist, 
eomposed of two proportions of chlorine combined with one ot 
torbon. 1 have searched assiduously for such a compound, but 
am undecided respecting its production. When the fluid proto- 
ohloride was exposed with chlorine to solar light, crystals were 
formed, as before described. The greater number of these were 
certainly the perchioride first mentioned in this paper ; but when 
tile retort was examined by a microscope, some rhomboidal 
crystals were observed here and there among those of the usual 
detidrilic and square forms. These may, perhaps, be the real 
perchioride ; but I had not time, before the season of bright 
sunshine passed away, to examine minutely what happens ni 
tllesi? ciicumstances ; and must defer this, with many other 
points, till the ne\t year brings more favourable weather. 

Compound of Iodine^ Carbon, and Hydrogen. 

The anate^'y which exists between chlorine and iodine natu- 
tmlly suggested the possible existence of an iodide of etrbon. 
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and the mea>tis which had succeeded witii the one demeat 
oflfered the best promise of success with the other. 

Iodine and olefiant gas were put in various proportipnB kftOv 
retorts, and exposed to the sun’s rays. After a while, ''coloiifless 
crystals formed in the vessels, and a partial vacuum was pro- 
duced. The gas in the vessels being then examined, was found 
to contain no hydriodictacid, but only pure olefiant gas. Hence, 
the effect had been simply to p^uce a compound (rf the iodine 
with the olefiant gas. 

The new body formed was obtained pure by introducing a 
solution of potas|f into the retort, which dissolved ail the free 
iodine; the substance was then collected together and dried. 
It is a solid white crystalline body, having a sweet taste and 
aromatic smell. It sinks readily in sulphuric acid of specific 
gravity 1‘85. It is friable ; is not a conductor of electricity. 
\Vhen heated, it first fuses, and then sublimes without any 
change. Its vapour condenses into ciystals, which afe either 
prismatic, or in plates. On becoming solid after fusion, it alse 
crystalli 7 .es in needles. The crystals are transparent. Whcii 
highly heated it is decomposed, and iodine evolved. It is not 
readily combastibie ; but when held in the flame of a spirit 
lamp/ burns, diminishing the flame, and giving off abundaiiee 
of iodine, and some fumes of hydriodic acid. It is insoluble im 
water, or in acid and alkjihne solutions. It is soluble in alcohol 
and ether, and may be obtained in crystals I'rom these solutions. 
The alcoholic solution is of a very sweet taste, but leaves a pecu- 
liarly sharp biting sensation on the tongue. 

Sulphuric acid does not dissolve it. When heated in the acid 
to between 300'^ and 400'^, the compound is decomposed, appa- 
rently by the heat alone ; and iodine and a gas, probably olefiant 
gas, 'are fiberated. Solution of potash acts on it very slowdy, 
even at the boiling point, but does gradually decompose it. 

This substance is evidently atialogous to the compound of 
olefiant gas and chlorine, and remarkably resembles it in the 
sweetness of its taste, though it differs from it in form, <kc. It 
will with that body form a new class of compounds, atid they 
will require names to distinguish them. The term chloric ether, 
applied to the compound of olefiant gas and chlorine, did not at 
any time convey a very definite idea, and tRe analogous name of 
iodic ether would evidently be very improper for a solid crystal- 
line body heavier than sulphuric acid. Mr. Brande has suggested 
the names of hydriodide of carbon, and hydrochloride of carbon^ 
for these two bodies. Perhaps as their general {jfeperties 
range with those of the combustibles, while specifiki nature 
of the GompouiKl is decided by the sopporter of combustion 
which is in combiitation, the tenns of hydmcai^ni^ of chlor^^ 
and hydrocarburet of iodine, Inay be consideied 
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, . As yet I have not succeeded in procuring an iodide of carbon, 
but I intend to pursue these experiments in a brighter season o 
,.the year, and expect to obtain this compound. 


c 

ARTld^E IV. 




Eimrimenis to determine the Atomic Weight of various Metals 
and Acids, By ^ honofis Xhomsonj Mi). FliS- 


I HAVE in three preceding papers, one of which appeared in 
▼ol. xvi. First Series ; and the other two in vol. i. of the present 
Series of the Annals of Philosophy given a set of experiments, 
which appear to me to tix, with a degree of accuracy that cannot 
easily bfe surpassed; the atomic weights of 20 different chemical 
substances. I have also ascertained the weight of the conibmar 
ticwjs with oxygen which these different substances form, lliese 
coroiiounds, including several bodies, whose atomic weight was 
determined in my paper on the sjm ijic gravity oj gases, make 
the number of important chemical bodies, whose atomic weights 
may now be considered as fixed with accuracy, amount to 6a. 
Indeed this number would be very-mateiially increased if we 
were to include the sulphurets and phosphiirets and salts which 
may be formed from these bodies— all of which may be deduced 
with perfect precision from the atomic weights laid dow n in these 
papers.* 


» In the Annales de Chimie et de Phvsiqnc for July, 1880, tom. xiv. p. .821, 
M Gav-lussitc ha .1 done me the honour to make some remarks upon ^e opinions 
which I odvonced hi the AmiaU of Philosophy, xv. 827, on the Comp^iUonof I hos- 
phorous and Phosphoric Acids. It cannot be HnaUy admittral, he says, that the oxygm 
m these two acids is as 1 to 2, tiU I lay before the chemical world tlie expermicntt 
proving that phosphuretted hydrogen gas contain exactly >t* own vdunie ol hy^m 
BM, as MM. Thcnard and Gay-Lussac m theh Recherches Physico-Chimiqucs, i. 21^ 
S^e shown, that it contain^ about I J time its volume of hydrogen. 1 shall Uke tins 

opportunity of satisfying the doubts of this very ingenious chennst. 

S^iy paper on Phosphuretted Hydrogen Gas, pnntedm the AomU oJ 
viii. 87,^imd a translation of which was inserted in the Ann. de Uiun. et dePhys. n. 
297, I have related a series of experiments which 1 made in order to ^tcrmine this 

pmnt. I showed that the phosphorus might be lemov^ by the cautmtui introduction of 

^rgen gas in narrow tubes, by electric sparks, and by heating it along with 
aU^lSeBe trials, it was deprived of its phosphorus without any Aange of 
Heating sulphur in this gas easily converts it into sulphuretted hydrogen gas without 
my chMge of volume. "Imese experiments cannot leave any dmbt i^ecttng tlis truth 
of the fa^ that phosphuretted hydrogen contains exactly itt vdume rfhydrogm. 

T6c experiment related by Thenard and Gay-Lussac in their R^erdies 
Chimiquti i. 214, consisted in hearing potassium in phosphnret^ hydrogen The 
pbosi^ras was separated, and 100 volumes rf the ^ b^e 149 

information given us by the authors to be able to ex^n it. 
aium ia heated in pure phoiphuret^ y**^ ?*"? "( ***^«*? ” 

Whfiiit whwted ln bihydr^trt of rhoephoirus, or the i^ydrop^^ g " * ^ 
Oie iiu& of the giis i» j^st doubled. It m probable that the gas used by osm genuo- 
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I Drooose. in the present essay, to give an account, of the 
esnerfments which appear to me to determine the exact atomic 
we^t of 12 other bodies, some of which are metallic, and others 
Lids I shall begin, as I have hitherto done, by f habiting m 
Ttabie the atomic weights of these bodies as already laid down 
by Berzelius, the only other person who h^ published expen- 
SLntnrdetermine Ihe weights of these bodies Beside the 
numbers of Berzeliul, 1 shall place those which 1 have obtained 
by my own experiments. 


Beraelius. 

Thojnson. 

17-738 

.... 9-0 

14 - 70.08 

.... 7-26 

16-1290 

.... 6-6 

26-3160 

.... 26-0 

12-4077 

.... 6-76 

26-966 

2-76 

27-106 

.... 4-5 

8-3449 

.... 8-375 

7-2786 

. . . 7-26 

16-0966 

.... 15-0 

6-2785 

.... 6-25 

6-4112 

.... 6-26 


Berzdiiw reduced by 
dividing by 

. . 8-869 
. . 7-3529 
. . 8*0645 

... 6-20385 


Bismuth 

Till. ........ 

Antimony .... 

Mercury . ... 

Arsenious acid 
Boracic acid . 

Oxalic acid . . 

Tartaric acid . 

Citric acid . . . 

Benzoic acid . 

Succinic acid 
Acetic acid. . 

Several of Berzelius’s numbers require to be divided by 2 m 
orLr Se compared with mine, fhe result of this division will 
be seen in the tLird.column of the table ; and 
that his numbers for bismuth, tin and mercury 
from mine. The diflerence in the number for antimonj antt 

arsenious acid is greater In both of these f lift I 

zelius was misled by theoretical considerations, at least 

men in their experiment was a nuxturc of equal 7'"““ 

^ flattermyself Umtauy 

M iux>n oiy wnilyHis ot subbichlt^de of siupbip^ ... a.* Pbv». 

xiv. 3y<. He N.ys that I have greatly underra^ ^ qumWy of m 

- iidmust lutve b4. formed duri^ the a^n ^ h^d ta^Je seen 

able ouantitv. Had he taken the tioublc to petttsc my aiiaIyM»v »« . 

Sit 1 m«J the aqueous adhtion >«th 

fell, but that in 84 iKWitu I obtamed a ibh^anld. 

This I consider a suikieiit pwf that no sulphnnc add w con i^henomcna; 

M7Giy.Umc might. h.ve .tucked C 

but Ae MBlysia ia quite independfut of thtt exphmi^n, aS^thie one ; 

Aought rif thowwing on Ae subject. I attfl t^Se^uUl «»■ 

tatt^teihw it be «> or lut, Ae wialyua Aowa, Ic^w, AM Ae uqtan e«nm«u 
II compound of two Moma stUphur end one .tom chtoniie. 


I 
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<bund that I could obtain results agreeing more nearly with each 
than those which he describes. 

L Bismuth. 

The salts of bismuth are all decomposed when they are placed 
in contact with w ater. This prevents the possibility of deter- 
mining the weight of the oxide of bismuth in the same way as I 
ascertained that of the metals whose atomic weights have been 
given in the former essays. It seems needless to relate the great 
variety of unsuccessful attempts which 1 made with the nitrate 
and sulphate of bismuth. I was not more successful with the 
chloride. 

After a very great number of experiments, I gave up the salts 
and the chloride in despair. 1 then dissolved a quantity of the 
bismuth of commerce in nitric acid, decomposed the nitrate by 
means of water, edulcorated the oxide, and reduced it to the 
metallic state by heating it in a covered crucible with black 
flux. I pen bismuth tlius obtained (which I consider as pure), 
I made the following experiment: IS'iiie grains of it were put 
into a'jdatinum crucible, and dissolved in pure nitric acid. The 
solution was evaporated to dryness by a gentle heat, wliich was 
gradually raised to ; and", linally, to redness. The oxide of 
bismuth which remained weighed exactly 10 grains. Two repe- 
titions of the experiment gave exactly tW same result. Hence 
I conclude that an atom of bismuth weighs exactly 9, and tliat 
the w^eight of oxide ol bismuth is 10. Hence it is obviously a 
compound of one atom bismuth -f one atom oxygen ; and not 
two atoms, as Berzelius supposes. Indeed it is not diiiicult to 
show, that 10 is the equivalent number for oxide of bismuth. 
Weigh 10 grains of oxide of bismuth in a platinum crucible, pour 
on it a quantity of pure sulphuric acid (tlie experiment will not 
succeed with the acid of commerce), digest the whole upon a 
sand-bath for 24 hours, then raise tlie heat gradually and slowly 
till the excess of sulphuric acid is evaporated. The weight of 
the sulphate of bismuth thus formed is exactly 15 grs. Now 5 
is the weight of an atom ‘of sulphuric acid. We see that 5 of 
-M-^ulphuric acid are just neutralized by 10 of oxide of bismuth; 
consequently 10 is the atomic w eight of oxide of bismuth. 

To leave no ambiguity €with respect to the weight of oxide of 
bismuth, I put into a retort 15 grains of sulphate of bismuth, and 
13’26 grains of chloride of barium with a sufScient quantity of 
distilled water. The retort w^as put upon the sand-bath, and 
kept for several days at the boiling temperature. It was then 
placed id a cool part of the laboratory, and the fluid allowed to 
settle. The t:lear liquid was neither precipitated by inuriate of 
barytes, nor by sulphate of soda. Hence it contained neither 
sulphuric acid nor barytes. Now ]3’S5 of chloride of barium 
yieid one atom erf batytes , j ust capabl of saturating one atom^of 
sulphuric acid, which we have seen already was eontained in 16 
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<jf sulphate of bismuth. This experiment, in conjunction wi^ 
the two others, seems to me to leave no doubt that bismttth 
weiffhs 9, and oxide of bismuth 10. ^ t , • 

iferzelius’s number is only 0-131 less than 9. It nearly mn- 
cides with the atomic weight of bismuth which I deduced from 
some experiments made by me on bismuth many years ago. 
But I eniployed the bismuth of commerce in thpe experiments, 
which is not quite pure. This 1 consider as the, cause of the 
deficiency in these old experiments. 

Tl. Tin. 

The only salt of tin which exhibits a regular crystalline fom, 
at least as far as my experiments extend, is the munate. Bvrt 
tliifi salt contains a considerable quantity of water, from which it 
xannot be deprived without converting it into an insoluble chio- 
ride. The muriate is soluble in water ; but we do not read 
micceed in throwing down its muriatic acid by means of nitrate 
of silver ; for wheirwe add that salt to muriate of tin, the solva- 
tion becomes muddy, and the liquid, even though set aside for 
months, never becomes transparent. We may analyze this 
muriate of tin by first throwing down the tin by means of an 
alkali, neutralising the liquid by nitric acid, and then precipitat- 
iniJ- the muriatic acid by means ot nitrate of silver. But this 
mode ofaiialvsis is too«omplicated to give results to he depended 
on, when an error of one-eighth of a grain would render the 

whole useless. „ t i • u- u 

I next tried whether the fuming liquor of Libavms, which has 
been shown to coiftain no water, would not afford an easy 
method of analysis. When it is poured into distilled water, the 
tin is precipitated in the state of a white hydrate, and the chlo- 
rine is converted into muriatic acid. I separated the tin, anea, 
and weighed it ; threw down the muriatic acid by means of 
nitrate of silver; the chloride was washed, dnec., fused, and 
then weighed. Two successive analyses made in this way did 
not exactly agree with each other ; but the mean o o i 
not differ materially from the previous^nalysis of this bicblonde, 

for which we are indebted to Dr. John Davy. • Ui. c 

Foiled in these attempts to discover the exact weight ot an 
atom of tin, 1 attempted to reduce the peroxide by heating it m 
a glass tube, and passing hydrogen gas over it; but 1 was not 
able in this way to reduce the whole tin to the metallic state . 
part was reduced, while a portion obstinately remained m ttie 

State of protoxide. , , , 

My experiments, fJiough unsuccessful, led to the 
the weight of an atom of tin was in all probabinty ’ 

therefore, weighed 7-2& grains of pure tin in a platinum 
dissolved it in weak mtric*acid, ovaborated . y" 

ness yery slowly, and then gradually exposed the crucible to * 

red heat. T^ie peroxide of tin formea in this way weighe 


124 Dr. Thotmonh Experiments to determimth^ [Auq. 

exactly 9*25. This experiment being twice repeated, the result 
was the same. It enables us to conclude that an atom of tin 
weighs 7*25 ; and that peroxide of tin is a compound of one 
atom of tin -f two atoms of oxygen ; so that we have the weight 
■of tin and its oxides as follows : 


Tin 


Protoxide of tin 



: . . . . 8-2/> 

Peroxide of tin 



III. Antimony, 

We are indebted to Proust tor the first accurate ideas respect- 
ing the oxides of antimony. Berzelius, in his elaborate experi- 
ments on antimony, published in vol. xxxiv. of Nicholson^s 
Journal, has made a very near approximation to the true compo- 
gtion of these oxides. I have repeated both the experiments of 
Proust and Berzelius, and have been guided by them to the 
eXDeriments which I am going to relate, and which I consider 
as leaving little doubt respecting the true atomic weight of anti- 
mony and its oxides. That 1 might operate upon antimony free 
irom eveiy sensible quantity of impurity, 1 dissolved the antimony 
of commerce in nitromuriatic acid, and precipitated the per- 
oxide by means of water. This oxide was well washed, dried, 
mixed with black flux, and exposed to ^ red heat in a covered 
k T ’ process, I obtained a button of antimony in 

detect any sensible quantity of foreign matter. 
1 his button was softer than common antimony, and its specific 
gravity was only 6*424 at the temperature of (iO^. 

Of this antimony I weighed 5*5 grains (which, as I concluded 
irom preceding trials, represented the weiixht of an atom of 
antimony at least very nearly), put it into a“ platinum crucible, 
dissolved it by the assistance of heat in pure nitric acid, 
Ihe solution was evaporated to dryness, and exposed for some 
hours to a heat of 500°. A yellow powder remained, exhibiting 
the well-known properties of peroxide of antimony, and weighing 
7"o grains. This experiment was repeated four times with 
^ ex^tiy the same result. It is obvious from it, that peroxide of 
antiiaaony is a compound of 5*5 antimony -f 2 oxygen ; or (as 
an atom of oxygen is fejj^esented by 1) of 1 atom antimony -f- 2 
atoms oxygen. Therefore, an atom of antimony weighs exactly 

^ ^ grains of perqxide of antimony and expose them 

to a red heat, the colour changes from yellow to v)kite^ and the 
weight diminishes to 7. I repeated this experiment four times 
with precisalj the same result. We see from it (as had been 
weady established by Bei's^elius) that when peroxide of antimony 
IS changed into white oxide, loses the fourth part of its 
oxygen. If we make the experiment in j small green glass 
retort {employing 100 grains of peroxide), and collect the gaseous 
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products, we shall obtain very little short of 19 cubic inches of 

cannTt be doubted that protoxide of antimony, which we 
obtain by dissolving this metal in muriatic acid, and throwing it 
down by water, is a compound of one atom antimony + one 

atom oxygen. Of consequence, its weight ifiust be 6-5 This 

oxide has a grey colour, and is rather dark. The white oxide 
must be a ccwbinatioh of one atom of protoxide and one atom 
of peroxide; for 

1 atom protoxide = 

1 atom peroxide = 

2)i4d) 

To . 

= 1 atom of white oxide. 

The composition of the different oxides of antimony may be 

thus stated : . ■ „ 

Antimony. Oxygen. 

Protoxide 

White oxide 

Yellow oxide. o-o + 2-0 

The nrotoxide of autimonv dissolves in acids, and, therefore, 
possesses the characters of a base. 1 have never been able, 
ELever, to neutralize any acid by means of it. Horn the expe- 
riments of Berzelius, Wt appears that th^e 

bases, and, therefore, is entitled to the name of acid. He has 
given it the name of antimonic acid. He gives the same account 
of the white oxide of antimony. 1 do not mean to deny the 
accuracy of his experiments, though I have not been so suc^ss- 
ful m mv attempts to repeat them as 1 

succeed in obtaining a definite compound of the o^e of 

antimony, though 1 have some reasons tor si|specting that it m 
this oxiie that enters into tlie composition of tartar emetic. 

The red substance formerly distinguished by the name of 

kermes mineral is, I find, a hydrosulphuret ot antimony co^^ed 

of one atom sulphuretted hydrogen ai^d pne atom protoxide of 
antimony. 

1 atom of sulphuretted hydrogen, . = 2-126 
1 atom protoxide of antimony • • . • = b-5 

«-€25* 

It is, therefore, composed 

+ 6-6 protoxide of antimony ; so that 100 parta of ,t coa- 
sistof 
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. Sulphuretted hydrogen %.../• 24*64 

Protoxide of antimony 75*36 

100*00 

It is easy to show that this is the true composition of kermeS; 
mineraU Put a quantity of it into a glass tube, and expose it to 
a, beat of between 600® and 600®; a quantity of water is extri- 
cated, and common sulphuret of antimony remains. Thus by 
beat a double decomposition is produced, the oxygen of the 
oxide and the hydrogen of the gas unite together, and form 
water, while the metal and the sulphur combine and form 
the sulphuret. This experiment shows us that sulphuret of 
antimony is a compound of one atom antimony <f one atom sul- 
phur, or of 

Antimony 5*5 or 73^ 

Sulphur 2*0 26-1- 

7-5 100 

The 'analysis of sulphuret of antimony, which 1 published in 
the Amia/s of Philosophic (First Series), vol. iv. p. 90, was not 
quite accurate. 1 obtained 

Antimony 73*77 

Sulphur * 26*23 


100*00 

But it is very difficult to come nearer the 'truth when we follow 
the method by which that analysis was conducted. In rigid 
experiments all filtrations and transvasations must be avoided. 

IV. Mercury, 

The experiments of Sefstrom leave little doubt that the weight 
of an atom of mercury is 25 ; and that the protoiide is a com- 
pound of 100 mercury and 4 oxygen, and the peroxide of 100 
mercury and 8 oxygen ; for he actually obtained 

Mercury. Oxygen. 


Protoxide composed of 100 + 3-09 

Peroxide 100 + 7-99 


In these experiments the deviation was only one-fourth and 
one-eighth of per cent. 

I trier! a great many experiments to ascertain the point with 
precision ; bi^t the greater number of them failed. The crystals 
of of mercury contain water, from which I attempted to 

free them by placing them in the exhausted receiver of an air- 
pump with sulphuric acid; but this method was not successfik.. 
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I was obliged, therefor^, to abandon the salts of metciuy altoge- 
ther. But the following' experiment, which I repeated thrice;^ 
with exactly the same result, appears to me sufficiently decisiw* 
to settle the question respecting the composition of the oxades 
of mercury, if there be any chemists >t'ho entertain doubts on 
the subject. 

If an atom of mercury weigh 25, and if the red oxide of mer- 
cury be a compouncV of one atom metal + two atoms oxygen, 
it is obvious that an integrant particle of it must Weigh 27. To 
verify this, I put into an eight ounce phial 27 grains of peroxide 
of mercury, and poured upon it a quantity of muriatic acid suffi- 
cient to dissolve the oxide. The phial was then put upon a 
sand-bath (having its mouth stopped by a charcoal stopper), 
and left till the whole contents were evaporated to dryness. I 
then covered it up about two-thirds with sand, the temperature 
of which was gradually raised sufficiently high to sublime the 
corrosive sublimate tow'ards the middle of the jihial. The whole 
was then allowed to cool, and the phial being weighed, it was 
found that the corrosive sublimate weighed exactly 34 grains. 

Now whether we take the view of the composition of corro- 
sive sublimate deduced from Davy’s theory of chlorine, or still 
adhere to the old notion that it is a compound of peroxide of 
mercuiy and muriatic acid, this experiment is decisive of the 
weight of an atom of mercury. 

If we adhere to the'^ild opinion, then corrosive sublimate is 
composed of 

Peroxide of mercury 27 

Muriatic acid . 7 

"34 

But 3-5 (according to the old opinion) represents ffie weight 
of an atom of muriatic acid. I he experiment shows us, there- 
fore, that corrosive sublimate is a compound of two atoms 
muriatic acid and one atom peroxide of mercury ; consequently 

peroxide of mercui-y must weigh 27. • 

If we adopt the theory of chlorine advanced by Davy, which - 
1 consider as much more consonant to the phenomena than the 
old opinion, then corrosive sublimate i%a compound of 

Mercury, 25 

Chlorine 9 

But an atom of chlorine weighs 4*5 ; therefore, 9 represents 
two atoms of chlorine; consequently corrosive sublimate is a 
compoimd of two atoms Chlorine =s 9, and fooe atmB metcfary 

••SB 26 . *' . 


128 Dr. Tkmison^s E^riments to determine the [Aug. 

I havf repeated this experiiaent several times, and it leaves nb 
dombt in my mind that an atom of mercury weighs 26, and au 
atom of peroxide 27. Protoxide of course must weigh 26. 

I made repeated attempts to convert mercury into a peroxide 
wi<liout any loss, but was not able to succeed. It may, perhaps,* 
be worth while to relate a single experiment of this kind to 
enable the reader to judge of the degree of accuracy which I was 
able to reach by this method ; because il may serve in some 
measure to account for the deviations from each other which we 
observe in the difterent experiments which have been published 
by different chemists to determine the composition of tlie oxides 
of mercury. 

I put into a flask previously accurately weighed, and the 
weight marked on it by a diamond, 25 grains of mercury. A 
quantity of pure nitric acid capable of dissolving it was poured 
over it. Alter the solution was completed, the flask was placed 
on a sand-bath, and left in a moderate heat till the whole con- 
tents of it were evaporated to dryness. The flask was then 
exposed to a temperature of about 600®, and kept in it till all 
nitrous acid fumes ceased to exhale. The red oxide prepared in 
this way not being quite free from white particles, it w’as obvious 
that the nitrate had not been completely decomposed. I, there- 
fore, heated a hessian crucible to redness, and introduced the 
flask into it, holding it at a little distance from the sides and 
bottom of the crucible. This occasionednhe discharge of some 
more nitrous acid fumes, and the peroxide at the bottom of tiie 
flask had assumed a very fine red colour, i considered it in 
consequence as pure ; but there had sublimed upon the sides of 
the flask traces of a yellow matter, whicn was tasteless, and 
dissolved in nitric acid without eftervescence. It certainly did 
not amount to 1-lOOth part of a grain. I was, therefore, uiiabk 
to determine its nature, though it was probably nothing biit per- 
oxide of mercury. I had covered the mouth of the flask with a 
piece of glass before I introduced it into the crucible. On this 

f iece of glass a small portion of metallic mercury had sublimed. 

found this portion to w^eigh ()’2 gr. The weignt of the perox- 
ide of mercury was 26*7 grs. Had the 0*2 gr. of sublimed mer- 
~ €uiy been peroxidized, it would have weighed 0*216 gr. Hence 
the weight obtained w as : 


Peroxide in flask * 26*7 

Ditto sublimed 0*216 


26*916 

. Loss 0*084 


27*000 


Here the loss amounted to 0*084 gh or about part of tlie 
whole. I have no doubt that this loss was owing to a small 
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portion of naercttry whicK Ua4 been 6ubUi»ed> and had ©e^aped* 
notwithstanding the glass cover on the flask. 

I attempted to decompose calomel by means of a solution eff 
caustic potash in the way recommended by Mr. Donovan; b^ 
did not obtain satisfactory results; because I was obliged, ia 
order to dry the protoxide completely, to expose it to 2^. teiaperatr 
ture so hig^li that it wai .partially reduced, if calomel a corn^ 
pound of i atom mercury “i* 1 atom chlorine (about which there 
can be no doubt), it is evident that 29’5 grains of it, when 
decomposed by caustic potash, ought to give 2(i grains of prptt* 
oxide. The quantity which 1 obtained in repeated trials varied 
somewhat, but was in no case quite so high as 26 grains. 

V. Arsenious Acid» ^ 

In an essay which is inserted in the Annak of Philosophy 
(Second Series), voL i. p. 13, I have shown that arsenic acid i$ 
a compound of 


Arsenic 4*75 

Oxygen 3* 00 


7*75 

and that it is a compound of one atom arsenic -f three atoms 
oxygen. I expressed a suspicion that arsenious acid was acorn- 
pound of one atom arsenic 4- two atoms oxygen; and promised to 
endeavour to investigate the subject, and to lay the results before 
the public as soon as I obtained any which.appeared to me deci- 
sive. It gives me pleasure to be now able to fulfil that prornise. 

When arsenious acid and quicklime are mixed together in a 
glass tube and heat applied, the acid is partly reduced to the 
metallic fetate, and partly converted into arsenic acid. It occ«r- 
red to me tliat by determining the quantity of arsenic acid 
formed, and the quantity of arsenic sublitned, I should be 
to deduce the composition of arsenious acid with precision. 
But the result of a good many trials made in this way was not 
satisfactory. The arsenious acid was sefdom decomposed com- 
pletely. A portion of it sublimed along with the arsenic, and 
prevented me from determining wuth certainty the quantity of 
metallic arsenic evolved. I was in coii^querfce obliged to 
abandon this mode of experimenting. 

I next tried whether it was possible to form a^iientralsitseiiite. 
A quantity of arsenious acid was boiled in a solution of caust^ 
potash ; but I found it impossible in this way to derive the Hqlrid 
of the pfdperty of rendering cudbear paper purpfe. I jUext eya- 
porated the wWb fo dr^^^ and by cautiously washing the 
gj^esidual matt^ with I succeeded in 

"estceas «if alkali i \M ai sotm^as this salt 
cryaliaifectf lufstnioii# acid denosited, aad the becamf alk#^ 
linei I was obliged^ Iheteforey td afeaaden af»ciiiteS| ai* I 
Hew Series, voh. u. K 
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«ms unable to combine the acid and the base in definite pro- 
portions. . , i i o 

It iwis shown forme^y that the true weight of an atCTO ot 
Arsenic acid is 7-?6. 'Now if the oxygen in arsenious acid be 
to that tti arsenic acid as 2 to 3, then it follows that an ntom 
vf arsenious acid weighs 6 75. To verify this supposition, I ^ut 
#76 firs, of pure arsenious acid into arsmall retort, previously 
Aciffh^, and the weight marked upon it by a diamond. Upon 
#iis I poured a mixture of 12 parts nitric acid, of the specihc 
wravity 1*25, and 1 part muriatic acid, of the specific gravity 
d'2, in such quantity as 1 knew from previous trials womd M 
more than sufficient to convert the arsenious into arsenic acid. 
The retort being exposed to a moderate heat, the arsenious acid 
. tlissolved. The heat was continued very moderate till the whole 
Tiquid portion in the retort was expelled, and nothing remained 
; hut a white crust consisting of arsenic acid. The mtort 
. surrounded with hot sand, and exposed to a heat of between oW 
und 600°, which was kept up for several hours. It was then 
allowed to cool and weighed. The weight of the arsenic acid 
was found exactly 7-75 grs. This experiment may be repeated 
as often as you please (provided the requisite precautions be 
taken) without the least variation. 

It follows from it that the weights of arsenious and arsenic 
acids are respectively as follows ; " 

Arsenious acid 6‘75 

Arsenic acid 7’75 


If we take 4'75 grains of arsenic and convert them into 
•areeaic acid by means of pure nitric acid, we shall find tlm 
weight of the arsenic acid formed, exactly 7-75 grains. “ 
4 >b^ous, therefore, that an atom of arsenic weighs 4'76, and that 
sthe constituents of the two acids of that base are ; 


Arsenic. Oxygen. 

Arsenious acid 1 atom *+* 2 atoms 

Arsenic acid 1 +3 

So that arsenic exactly agrees with sulphur in the composition 

of its afcids. . . • • 

It is very likely that the black powder into which arsenic 
Aometimes falls, when exposed to the air, is aprotoxide of arse- 
■Aiic,..oir a compound of one atom arsenic + one atom oxygen. 
®ut I have been unable to verify this conjecture. The arsenic 
which I’used did not change spontaneously into a black powder ; 
And when I used an acid, wlieithef the muriatic or the nitne, ^>|| 
was dh»ays some arsenious acid formed, while a portiwii p» the 
Arsenic retained its metallic state. Accident will probabfy some 
-dime or other make us acquainted with this oxide, if it exist. 
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VI. Bormic Add. ' 

My experimepts to determine the weight of this acid Ilf ve 
been attended with more difReulties than those on any otlifr 
subi^tance to which I have hitherto turned my attention; and 
after all my attempts to obtain accurate results^ I have been 
obliged to rest satisfied with approximations, which, however^ 
contract the limits of uncertainty within a narrow compass. 

1. From Berzelius’s experiments on borate of ammoniaf it 
follows that it is composed of 

Boracic acid ••*.....•/•. 37’95 

Ammonia 30*3S 

Water. 31*73 


lOO-OO^ii 

2*659 
2*126 
. 2*223 

Now 2*125 is the weight of an atom of ammonia, and 2*223 
approaches very nearly to 2*25, the weight of two atoms of 
water. There can be no doubt that borate of ammonia is a 
compound of one atom^cid, one atom base, and two atoms 
water. Hence it follows that 2*669 approaches very nearly to 
the weight of an atom of boracic acid, 

2. I put into a piatinmn crucible 100 grs. of dry boracic acid^ 
obtained by decomposing borax by means of sulphuric acid, 
washing the precipitate well with distilled water, and drying it 
on a filter. The crucible was covered with a lid, and exposed 
for an hour to a strong red heat. The acid was fused into a glass 
which weighed 53*6 grains. Besides this, the cover of the cru- 
cible was coated with a varnish of boracic acid which weighed 
1*9 gr. From this experiment we learn that the hydrate of 
boracic acid is composed of , 


Acid \ . . . 65*5 or 2*806 

Water 44*6 2*25 

mo 


It would appear, therefore, that the hydrate of boracic acid is 
a compound of one atom acid -j- two atoms water. We see 
that the weight of an atom of acid deduced from this experf-- 
ment (which I have repeated several times) is 2" 806. , 

Now the mean weight of the atom of acid deduced ftoiu the 
l^aalysk of borate of ammonia by Berzelius and my own ihalyiw 
of hydmte of boracic acid is *2*7325* Thi% quaatily dMfers 

* Anmk 0/ ifimt 
K 2 


Now this is equivalent to 
Acid . . 

Ammonia 

Water. 
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Ettle from 2-75 that I was indaced to conclude that ^76 repre- 
gerots the true weight of an atom of bomeic acjd. ihe otgect 
of the remaining experiments which I have to relate wasto verily 

this opinion. , . , 

3; loo grains of crystallized borax were exposed in a plaUnum 

Gsucible to a heat sufficient to melt the ^It. This heat was cm- 
tinued till borax was reduced to a ^^ite mass ; the crucible 
•was then exposed to a strong red heat till the borax was melted 
into a transparent colourless glass* The loss of weight which 
the salt sustained was 47-2 grs. It appears from this experi- 
ment that crystallized borax contains 47*2 grs. of water ot 


crystallization. t i j • 

Twenty grains of anhydrous glass of borax were dissolved in 
distilled water by the assistance of heat, the solution was nnxed 
with £ft excess of muriatic acid ; and by repeated evaporations, 
the whole, or almost the whole, of the boracic acid was extracted 
fromKt. The weight of this acid (fused into a glass) was o-l 
grs. Now 100 grains of crystallized borax contain, as we have 
seen, 52-8 grains of the anhydrous salt. And 20 : 62-8 :: o-l : 
13-464. It follows from this that 100 grs. of crystallized borax 
contain 13-464 grains of acid. Borax, therefore, must be com- 
posed as follows ; 

Acid 13-464 

Soda “ ! ! 39-336 

Water... 47-200 


100-000 


How this is equivalent to 

Acid 

Soda 

Water 


2-75 

8- 034 

9- 640 


Two atoms of soda at-e 8, which differs very litUe from 8-034. 
Eight atoms of water weigh 9. This is a little less than 9*o4. 
The reason probably is, that when borax is exposed to a red 
heat, it is not the water alone which sublimes, but a portion of 
the salt passes off along with it. Indeed I have verified this 
suspicion by a direct experiment, and ascertained that the water 
driven off from borax by heat carries along with it a semible 
quantity of the salt. Had I obtained from the 20 grs. of anhy- 
drous borax 5*11 grs. of boracic acid instead of 6*1 grs. the 
quantity actually olitained, in that case the constituents of the 
salt ‘would have borne to each other the exact ratio of 2*75 acid 
and 8 eoda. Now when a substance is separated by a niter, 
and afterguards exposed to a red heat, I do not consider myself 
as capable of coming nearer the^mth by tho utmo attentirnt 
vdiich i can pay than I-500fli part of the whole. The defioi^cy 
of 0*01 gr. being greatly within that limit, I consider myself as 
entitled to irifer, from the abofr analysis, that borax is a com- 
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pound of 2-76 boracic acid and 8 s6da, or of 1 atom boraciomcid 
and 2 atoms soda. As for .tbe watery constituent, it is not ao 
well made out, though we can scarcely hesitate to admit that it 
amounts to just eight atoms. Borax then is composed of - 

1 atom boracic acid = 2-75 

2 atoms soda 8’0 

8 atoms watej 9 0 

So that an integrant particle of it weighs 10-76. 

4. To verify this composition, I dissolved 19-75 grs. of crystal- 
lized borax in distilled water, and neutralized the soda by means 
of acetic acid. To get rid of any excess of acetic acid, 1 evapo- 
rated the liquid to dryness, and redissolved the residuum in 
water ; 13 25 grains of chloride of barium were likewise dis- 
solved in water, and the two solutions were rnixed.*' It is 
evident that the 19-75 grains of borax contained (if my analysis 
was correct) exactly 2-lb, or one atom of boracic acid f while 
13-25 grains of chloride of barium, when dissolved in water,^ 
contaiii 9-75 grains, or one atom of barytes. Now as borate of 
barytes is an tnsoluble salt, I expected a double decomposition 
to have taken place, and that the whole borate of barytes would 
have precipitated, leaving the clear liquid incapable of being 
rendered muddy by rnwiate of barytes, sulphate of soda, or 
sulphuric acid. The result, however, w-as different. No preci- 
pitate whatever appeared, indicating that no decomposition had 
taken place. 1, therefore, evaporated the whole to dryness, 
poured water on the d?y residue, and after digesting for some 
time, poured it on a filter; there remained on the filter five 
grains of borate of barytes. The clear liquid which passed 
through the filter being evaporated to dryness, digested in water, 
and again filtered, left 7-1 grains of the same borate of barytes. 
The residual liquid was a third time evaporated to dryness, and 
treated as before ; 0-3 gr. of borate of barytes were obtained. I 
repeated this process a fourth time, but could procure no more 
borate of barytes. Thus the whole bordte of barytes obtained 
was : . 

Grain*. 

By first filtration 5’0 

By second filtration • • 

By third filtration 0*3 

. m 

Now if the 19*75 grs. of borax contained 2*75 grs. ^of boracic 
acid, and the 13*25 grs. of chloride of barimn yidd grs. of 
t barytes, it is obvioiis that the whole borate of barytes ought to 
have been 12*5 grs. ; so tbal in the preceding experiment there 
seems to have been a loss sustained amounting to 0*1 gr* or less 
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tkili ont per cent. Now hi %n experiment coiiiisting of three 
^ntioiis^ three evaporations to dryness; and three tiltrations, I 
hold it beyond our present skill to guarantee a nearer approach 
to the truth than one per cent. This experiment then amotiiits 
to as complete a verification of the composition of borax as I am 
capable of exhibiting. 

6. Borax appearing, from the preceding analysis, to be a 
compound of one atom of boracic acid ahd two atoms of soda, I 
was desirous to see what efiect the addition of another atom of 
boracic acid would have upon (he properties of this salt. I dis- 
solved 19*75 grs. of it in hot water, and added 2*75 grains of 
glassy boracic acid. After the solution w^as completed, the 
liquid produced exactly the same effect upon cudbear paper that 
borax itself does. Another addition of 2*75 grs. of aunydrous 
boracic acid did not alter this property ; nor was the property 
impaired by the addition of a third 2*75 grains ; yet this solution 
must have contained 4 atoms of boracic acid =11 grs. and only 
2 atoms = 8 grs. of soda. We see from this that boracic acid 
does not possess the propeity of neutralising soda. Upon set- 
ting aside this solution in an open vessel, it gradually evaporated 
to dryness, but no appearance of any tlhng'hke regular crystals 
could be observed. 

These experiments on boracic acid are the most accurate 
which 1 have been able to make. 1 have selected them out of a 

f reat number which do not offer better results than those which 
have given, and which, therefore, I thought it unnecessary to 
transcribe. Though they do not absolutely decide the point, yet 
they render it exceedingly probable thatr an atom of boracic acid 
weighs 2*75, or exactly the same with carbonic acid. Borax 
then and carbon have the same atomic weight each, or 0*75; and 
boracic acid, like carbonic, is a compound of one atom.boron -f- 
two atoms oxygen. 

VIL Oxalic Add, 

Berzelius considers oxalic acid as a compound of 1 atom 
bydrogen -f 12 atoms carbon -i- 18 atoms oxygen. According 
to this notion, an integrant particle of it should weigli 27*125, 
The number which he assigns, viz. 27*106, owes its slight differ- 
ence from 27*125 to the weights which Berzelius has given to 
the atoms of carbon and hydrogen not being qinte the same as 
mine. Carbon, according to him, weighs 0*7633 ; while hydro- 
gen weighs only 0*062177. But when we come to examine the 
isaline combinations of oxalic acid, we find that a much smaller 
weight of it than 27*125 is able to saturate an atom of each of 
the ^ses. Oxalate of potash, according to the statement of 
Berzeiius^himself, is composed of ♦ 

' Acid 43*37 of 4*595 r 

qtash; . v. i ^,6*0, , , . ^ ^ 
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Thiie the eqmvalent m for ox^Lc acid in that salt is oaly 
4^693 by BerzeUufi'S own analysis. The same remark applies to* 
all the oxalates which he has given in his table. ^ 

Wow tliat we are acquainted with the true atomic weight pf 
lime, and with the trne composition of caicareous spar, there i^? 
no great difficulty in determining the true atomic weight of 
oxalic acid with rigid accuracy. The following experiments,, 
which I have often verifted, leave no doubts whatever upon the 

subject. • II- j • n 

It is well known that oxalic acid usually is crystaluzed in 
four-sided rectangular prisms. These crystals constitute a defin 
nite compound olf pure oxalic acid and water, and, therefore, 
are entitled to the name of hydrate of oxalic acid. As the^. 
crystals are always rigidly the same in their coniposition, it will 
be safest and mok satisfactory to employ them in order to settler 
the equivalent number for oxalic acid. Nine grains of the crys- 
tals of oxalic acid were dissolved in a little water, and the solu- 
tion was saturated with ammonia, gently evaporated to dryness 
and the residual oxalate of auinionia redissolved in distill©^^ 
water. 

The reader will please to recollect, that I showed in a former, 
paper that calcareous spar is composed of 


Lime 3*5 

Carbonic acid 2*75 


6*25 


And that an atom of lin^^ weighs 3*5. 

6*25 grains of pure calcareous spar were dissolved in iimiiatic< 
acid, the solution was gently evaporated to dryness, and the dry 
salt redissolved in distilled water. These two solutions wene. 
mixed together. Oxalate of lime immediately precipitated. The 
supernatant liquor, as soon as it became clear, was tested by 
oxalate of ammonia and muriate of lime ; but it was not the least 
disturbed by either of these reagents. Hence it is evident that 
it contained neither oxalic acid nor lime ; consequently tha 
whole of these tv\'o substances which had been in solution had 
precipitated in the state of oxalate of lime. 

It IS clear from this experiment, that nine grains of ciystallizedl 
oxalic acid contain a quantity of acid capable of exactly neutral-^ 
izing 3*5 grs. of lime. 

The oxalate of lime formed in this experiment was dried in the 
temperature of about 100°; in this state, it weighed 10*3 grs* 
It was HOW' placed on the sand-bath, and exposed for two houm: 
to a temperature at first of 430®, but rikng gradually^ to 300®^ 
or, perhaps, a few degrees higher. The weight now ^diiced 
to ^03 grs. When thus reduced in weight, it still retained 
the pit)per|ie8 of oxalate of li&e. Anotner hoards exposure to » 
heat of aiout 330° reduced the weight to €*015 grs. Beycaid: 


liJ6 [Ate. 

I did not irge the ekperiment, though I ha’i^ little doubt 
that a tempemtare of 600^ would have reduced the weight to 
<|xactly 8 grs. I was afraid of charring the salt, and thus depriv- 
ing myself of the poM^er of ascertaining whether the acid conti- 
nued possessed of all its original characters. This experiment, 
which was several times repeated with exactly the same result, 
seems to me to leave no doubt that the oxalate of lime obtained 
from 9 grs. of crystallized oxalic acid and 6*25 grs. of calcareous 
«par, weighs, when perfectly freed from moist ure, exactly 8 grs. 
Ifow 3*5 grs. of it are lime ; consequently, the other 4*6 grs. are 
oxalic acid. 

We see from this experiment, tliat 9 grains of the crystallized 
oxalic acid contain precisely 4*5 grs. of true acid ; and that the 
equivalent number for oxalic acid is 4*5. Hydrate of oxalic acid 
then, or the crystals, are composed of 

4*5 acid t = 1 atom, 

4*5 water =4 atoms. 

^ they consist of I atom acid united to 4 atoms w^ater. 

We see further, that when oxalate of lime is dried at a tem- 
perature not exceeding 100^, it rel*ains two atoms water; for it 
weighed 10*3 grs. Kow 

o o 


1 atom oxalate of lime = 8*00 

2 atoms water *. = 2*25 


10*25 

So that a combination of two atoms water and 1 atom anhydrous 
oxalate of lime weighs 10*25, which differs only by 0*05 gr, or 
Fatherless than half* a per cent, from 10*r), the number actually 
0#)iained. 

The knowledge of this fact suggests a mode of determining the 
quantity of lime iu mineral bodies, which i have been in the 
habit of following* for some time past. The method is this, 
llirow down the lime by means of oxalate of ammonia, separate 
the oxalate of lime upori a filter, wash it, and dry it in a temper- 
ature not higher than lOO. Ascertain its weight, and multiply 

it by or by 0*341 ; the product is the quantity of lime con- 
tained in the oxalate. 

Since the equivalent* number for oxalic acid is 4*5, there seems 
lio reason to hesitate about considering it as a compound of two 

atoms carbon 4* three atoms oxygen ; for 

' • 

2 atqms carbon = 5 = 1’5 H 

3 atoms oxygen. . ............ 3*0 

.25 i:;:;: ‘ 4*5 ?? ox;aliciici4 

'Bemdius obtained the small quantity *of hydrogen which he 
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found in it, because his salts had no( been completely ^eed from 
water Even the oxalate of lime which 1 dried at thiO tempera- 
ture of 650° would have afforded traces of hydrogen, though toe 
quantity would have been much less than Beraelius found;, tor 
its constituents (in consequence of the 0*0 lo of water 
retained) would have been : 

Hydrogen. ^ 0*0016 

Carbon , 

Oxygen 

4-516 

Thus it would be a compound of about 

1 atom hydrogen, 

1 56 atoms carbon, 

235 atoms oxygen. 

These numbers are too high to be admitted, and, show clearly 

the source of Berzelius’s hydrogen. 

Zinc is completely precipitated from the sdphate by oxalic 
acid. 1 tind that the complete precipitation of this metal is not 
prevented by previously mixing the solution ol sulphate of zinc 
with some sdplmric acid. The composition of the crystals of 
sulphate of zinc is as fallows: 

1 atom sulpburic acid = ^‘00 

1 atom OMcle of zinc = 

6 atoms wafer 

17-00 

17 o-rs. of these crystals being dissolved in water, nine grama 
of crystallized oxalic' acid were thrown into the solution, and toe 
whole was well agitated for some time.. A white powder imme- 
diately aptieared, which gradually fell to the bottom, leaving a 
transparent colourless liquid swimmyig over it. lljis liquia 
reddened vegetable blues ; but was neither precipitated by mu- 
riate of lime, nor carbonate of ammonia. Hence it contained 
neither oxalic acid, nor oxide of zinc. 'Oie oxalate of zmc, 
when washed and dried in the open air, weighed, in one expm- 
ment, 10-5 grs.; in another, 10-43 grs. Thie powder being 
exposed on a sand-bath to a temperature of p50 for sever^ 
hours was reduced to the weight ot 7-75 grs. lu this stete, it 

was a tasteless white powder, which dissolved witliout etterv^ 
cence m muriatic acid, and when the solution wafi.mwed wittt 
muriatrof lime, a white precipitate feU. It is obvrous from Hu^ 
that it still contained oxalic acid. As it contained the wn m 
oxide <|f xihe in 17 grs. of the Bulphate> it most have oonais e. 
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OmA^ of riiic . • . i . • . . i . ... . . . . * . . . 6*26 

fhtdlic miA l 

Consequetttly it was a compound of two atoms oxide of zinc and 
one atom oxalic acid. It appears fr6m this that when oxalate 
of zinc is exposed to the temperature of 65,0^, it loses not merely 
its water, but .likewise one half of its acid. 

When we drop oxalic acid into a solution of common bline 
vitriol only one-half of the oxide of copper is precipitated in 
combination with oxalic acid ; the remaining half is kept in 
solution, probably in consequence of the excess of acid presents 
Ammonia dissolves both oxalateKif copper and oxalate of zinc. 

VIII. Tartaric Acid. 

The crystals of this acid, like those of oxalic, constitute a 
hydrate composed of one atom real acid -f one atora water. The 
equivalent number for them is 9*5; consequently they are com- 
posed of 

Tartaric acid = 8-375 

"Water = 1-125 


9*5 

To verify the accuracy of this statemeiic, it seems only neces- 
sary to give the following experiments : 

1. 9*5 grs. of crystals of tartaric acid were dissolved in w'ater, 
and saturated witli ammonia. 6*25 of calcareous spar 

were dissolved in nmrittic acid, the solution was evaporated to 
dryness, and the muriate of lime redissolved in water. These 
two liquids being mixed together were very slowly evaporated to 
dryness. Crystals of tartrate of lime separated in abundance. 
Distilled water was poured upon this salt, and left upon it for 24 
hours. It was then tested with oxalate of ammonia, bat found 
to contain no lime. A portion of it being mixed with muriate of 
lime, and evaporated to«,dryiiesa, the saline residue dissolved 
completely in distilled therefore, contained no tar- 

tjrate of lime. Thus we that 9*5 grs. ot the crystals of 
tartaric acid contain exa^ctly the quantity of acid necessary to 
saturate 3*5 grs . of lime . 

When the tartrate of lime is dried at the temperature of 100®, 
It retains very little water; for its weight was only J 2*3 grains^ 
It undergoes decomposition at a much lower temperature than 
oxalate pf lime ; for it was partially destroyed in a neat, which 1 
do 13^ ^inli exceeded 500®. Probably il' I had dried i| at 

of 212®, it woukl have been pei4ecdy freed from 

A 9*6 gimma of the crystds of tartaric acid were diiaolved ih 
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water, and saturated with ammonia-: 20*76 grs. of dry nitrate of 
lead were dissolved in another portion of water, aW the two 
soluUons mixed. Tartrate of lead precipitated abundantly, and 
the supernatant liquor being tested with sulphate of sodft and 
nitrate of lead exhibited no traces of containing either oxide (d 
lead or tartaric acid. The tartrate of lead thus formed bemg 
washed and dried in a temperature not exceeding 100 ^weighed 
22*4 grs. It was obtiously a compound of one atom acid + one 
atom oxide of lead. Now 

1 atom acid w'eighs. 8*375 

1 atom oxide of lead 14*0 

# , 22*37.3 


So that the weight exceeded the truth only by 0 025 gr. or not 
more than 1000th part. It is clear from this, that tartrate ol 
lead, if we dry it at tlie temperature of 212°, will contain no 
water. This gives us the following formula for determining the 
quantity of tartaric acid in any soluble tartrate, dissolve thy 
salt in water, and precipitate the acid by nitrate of 1®®“. Wash 
the precipitate, and dry it in the temperature of 2 12 . Weig it, 

and multiply the weight by or by 0*374. the product is the 

quantity of tartaric aci,d contained in the tartrate. 

IX. Citric Acid. 


From the experiments made on this acid by Berzelius,^ there 
is reason to conclude, that the atomic '^ght of it is 7*2o, smd 
that the crystals are composed of 1 atom acid + 2 atoms water. 


or of 


Acid. . 
Water . 


7**25 

2*25 

9*5 


If this supposition be true; the equivalent number for th 
crystals of tartaric acid and citric acipis the same, or d;6. 

My attempts to verify this opinion by decomposing citrate ol 
ammonia by means of muriate ofTime ^id not lead to satisiac- 
tory results; I shall not, therefore, give an account of them. 
The following experiment I consider a** decisive : 

9*5 grs. of the crystals of citric acid were dissolved m water 
neutralised with ammonia, and then mixed with a solution o 
20*76 «tb. of nitrate of lead. It is worthy of attenridn, teat «o 
precipilfcte appears, neither when citeate ** 

with muriaie of lime, nor with nitrate of lead. But woim tllO 
mixture is slowly evaporated to dryness, the citrate ol 

duailiy t^paratesj and is ®iot * again disstdtedj thmi^ tare dry 

residue be digested in distilled water. A portion ol this clear 
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liquid was drawa off a«d When mixed with a solution 

of sulphate of soda, no precipitate appeared, so as to indicate the * 
presence of lead. Into another portion of it Some nitrate of lead 
was dropped, and the whole was evaporated to dryness. Dis- 
tilled water being digested olli the dry residtie, a complete solu- 
tion was effected. This indicates the absence of citric acid. 
Thus we see that the citric acid in 9’6 grs. of the crystals is just 
capable of saturating all the protoxide of dead winch exists in 
20*75 grains bf nitrate of lead. This we know amounts to 
exactly 14 grs. 

The citrate of lead formed in the preceding experiment was 
dried in a temperature not exceeding 100^^. Its weight was 
exactly 21*25 grs. Now it contained 14 grs. of protoxide of 
lead ; consequently the other 7*25 grs. must have been citric 
acid. Thus ^ve see that an atom of citric acid weighs exactly 
7*25, and an atom of the crystals 9*5. Citrate of lead, when 
dried at 100°, contains no water of crystallization; conse- 
quently, when we wish to analyze a citrate, we must dissolve a 
given weight of it in water, and throw clown the acid by nitrate 
of lead and evaporation. When the precipitate is washed and 

7*85 

dried at the temperature of 100°, its w’eight multiplied by 
or by 0 341, gives us the quantity of citric acid in the salt. 

10. Benzoic Acid, 

From the way in wliich the benzoic acid is produced, there is 
reason to infer that it contains no w a ter of crystallization. From 
the analysis of it bvtilerzelius, it sf^ems to weigh exactly 15. 
The only insoluble salt which this acid forms, as far as 1 know, 
is the perberrzoate of iron. I, therefore, endeavoured to verify 
the supposed w'eight of this acid in the following way : 

15 grs. of benzoic acid w ere dissolved in distilled water by 
means of ammonia, and the solution was concentrated till the 
excess of ammonia was driven off. From the experiments on 
the protosulphate of iroq related in a former paper, it follows 
that 17*375 grs. of the crystals of piotoeulphatc of iron arc com- 
posed of 

Sulphuric acid* 5*0 or 1 atom 

Protoxide of iron 4*5 1 

Water 7*875 7 

17*375 ^ 

17*375 grs, of these crystals were dissolved in dilute mtric 
acid, and the solution was heated till the iron was peroxidked. 
The then concentrated as much as possible so as to 

avoid, pftrecipi taring the iron, in order to get rid of part of tl^ 
of nitric acid. Aijamonia was yery*caiitiously added till 
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the liquid scarcely reddened vegetable blues, taking cwe not to 

’"^The'^two^SutioIls "bus formed were mixed together.^ A 
copious brick red precipitate imm«iiately separated; indeed, it 
was so abundant (owing to the concentration of the l.qui^ds), 
that it did not speedily subside. The whole was, therefore, 
SrLn upon a filter The liquid which passed through w^ 
transparent and colourless. It was tested lor iron and henzmc 
Icid by prussiate of potash and persulphate of iron; J>ut ^as not 
affected by either of these reagents. We see from this that 16 
crains of benzoic acid are exactly neutralized by five grains of 
Lroxide of iron ; consequently an atom of benzoic acid weighs 
15, and the crystals of this acM contain no water, 

XL Succinic Acid. ^ 

This acid being obtained by sublimation, as well as the ben- 
zoic is probably destitute of water ; but in its usual state it is 
contaminated by a good deal of od. In the acid which I em- 
nloved for ray experiments, this oil had been removed by digest- 
ing it in nitric acid, it was quite white and crystallized in 
small four-sided prisms. From Berzelius s experiments, the 
weight of this acid was probably 6-26. 

ro verify this opinion, 6-26 grams of the c^stals were dis- 
solved in water neutralized by ammonia, and mixed with a solu- 
tion of 17-375 grs. of protosulphate of iron, peroxidiz^d and 
neutralized by the very same method which was followed lo 1-hc 
case of benzoic acid. The two solutions were mixed- together, 
and the whole was UirowfT on a filter. Ihe persuccmate of iron 
remained on the filter in the state of a fine red matter. The 
liauor which passed through the filter was transparent and 
colourless, and, when tested with prussiate of potash and per- 
sulnhate of iron, it gave no indication of containing either iron 
or succinic acid. From this experiment, it follows that succinic 
acid weighs 6-25, and that the crystals of it contain no water of 

*^*^erbenzoate and peiiuccinate of irdn, when'dried at the tem- 
nerature of 212®, contain no w^er. They furnish, therefore, an 
easy method of analyzing the beiizoatqs and the^succinates ; fm 
a bLzoate, we have to multiply the weight of perbenzoate of 

iron obtained by ot|, or 0-76, the product is the weight of 

benzoic acid ; whUe i, or 0-26, gives the wmght of peroxide of 

iron ; for a succinate, we must multiply the weight of persncci- 

nate of iron by or 9 ^ 555 , the prbdhct is the weight of ^ 

difiks Acidi If we the w^t of pOTsaocinate of irg«i if 
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or Iby 0*444, we obtam die weight tiftHeperoxid^^^b^ ^ 
{Mresbiit in die ^ 

; XU. Acetic Acid. 

Tliis acid given me mote trouble than any other aeid 
whose atomic weight I have hitherto a%mpted to ascerlahl, 
boraeic acid yione excepted, i believe its weight to be 6^25, or 
exactly die same with that of succinic acid. Probably the crys- 
tals of acetic acid are compt>sed of one atom aetd + two atoms 
water, and weigh 8*5 ; but 1 have not beep able hitherto to verify 
these conclusions by decisive experiments. 

The most careful analysis of acetate of lead which I was capa- 
ble of making induced me to conclude that it is a compound of 


» 1 atom acetic acid = 6*25 

1 atom protoxide of lead ....... =5 14*0 

3 atoms water = 3*375 


23*625 

Hence I w*as led to expect that a solution of 23*625 gr». of 
acetate of lead would be completely decomposed by being mixed 
with 1 1 grs. of sulphate of potash, or 9 grs. of anhydrous sulphate 
of soda; but on tiying the experiment, found that the clear 
liquid which covered the precipitated sulphate of lead w as ren- 
dered muddy by the addition of muriate of barytes. Hence it 
obviously contained sulphuric acid in solution. I repeated this 
experiment, gradually increasing the ^juanfity of acetate of lead 
till it amounted to 25 grs. yet the effect still continued ; but I 
found thol when nitrate of lead was dropped into the residual 
liquor, the transparency was not affected. It was clear from 
this, that acetate of lead docs not possess the property of 
throwing down the whole of the sulphuric acid from the solutiofi 
of a sulphate. I was of course obliged to abandon this method 
of experimenting altogether. 

Fitly grs. of the crystals of acetate ojf lead were dissolved in 
water, and precipitated by carbonate of potash. The precipitate, 
after being well washed and dried on the sand-bath at a temper- 
ature of about 500®, weighed 37*82 grs . It is evident from tnis, 
that 23*625 grs. w^ould have yielded 17*51 grs. of carbonate of 
lead. Now 17*51 grs. of carbonate of lead contain 14*63 grs. of 
protoxide of lead. This result did not accord with my supposl- 
tion> that 23*625 grs. of acetate of lead contain exactly 14 grs. of 
protoxide of lead.^ 

It is not pbssible, by the most careful experiments which i 
have tried, to deprive acetate of lead of the whole of its water of 
crystallisation without, at the same titiae, driving off some of Ae 
iLop. 23*825 grs. when heated with every* precaution, always. 
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lost about 3-42 gr$. which I considd'i: ap a little exceeding the 
whole- water in the salt. Indeed, that it loses acetic acid is 
obvious from the smell which is emitted from it during the whole 
time of the application of the heat. • 

These unsuccessful results induced me to abandon acetate of 
lead altogether, and to endeavour to determinl? the weight of 

acetic acid in quite a different manner. . • , 

8-75 grains of carbonate of potash obtained by>,exposmg the 

bicarbonate to a strong red heat were dissolved in water, and 

saturated witli acetic acid. It is obvious that this portion of 

carbonate consisted of „ . 

^ (ihrauit* 

Potash. 

The acetate was evaporated to dryness, exposed to* a heat 
sufficient to fuse it, and kept for some time in a state of fusjon. 

I was in hopes that at this temperature the salt might be 
deprived of all its water ; but the result did not answer my 
expectation. I never was able to reduce the weight lowef than 
14*3 ; so that the acetic acid present, had all the water been 

driven off, would have weighed 8*3 grs. Now I was certain, 
from many preliminarv experiments, which, to avoid tedioiisness, 

I have omitted to relate, that the weight of an atom of acetic 
acid lay between 6 and 6*5. Acetate of potash then cannot be 
completely freed from water without decomposing the acetic 
acid! at least partially. When this salt is in fusion, it has^a 
blackish colour; butHt b^omes wWte, and assumes a peariy 
lustre when it becomes solid on cooling. , 

It is well known that acetate of soda is capable of bearing a 
higher temperature without undergoing decomposition tlian 
acetate of potash. I was in hopes, therefore, that I might suc- 
ceed in determining the weight of an atom of acetic acid by 
saturating a given weight of anhydrous carbonate of soda with 
acetic acid, and exposing the salt to a temperature high enough 
to drive off all the water without deebmposing the sdt. This 
expectation has not been altogether disappointed. Out of at 
least a dozen of experiments, 1 have succeeded twice m making 
the salt perfectly dry without destroying any of the acetic acid ; 
but in the greater number of the trials, the heat was raised so 
high as to destroy part of the acid. The temperature at whi^ 
the acid begins to undergo decomposition is pretty well defined. 
The salt may be heated to about 550 ® with ii^^punity ; but at a 
temperature which, I think, does not exceed 600 ®, charc(^ is 
always evolved. My experiments were made on af sand-bath^ 
and if the least inattention allowed the temperature of the sand 

to get up to WO®, I was Sure to find^ the sajt partiaWy decom- 
posed. The experiments were made in four ounce phials, io 

prevent the liquid from boiling unequally, which endangered the 


144 ' Ih. MxpaimHt* 

It«8 of sot 0 e of it, about l4 grs. of shreds of platiaum were put 

into the phiai. . ^ r j „ 

It is obvious that 6*75 grs. anhydrous carbonate ot soda are 


composed of 

Sodi..... 

Carbonic acid . . . i . . . 


Giainii. 

4-00 

2-75. 


6-76 


IJow as 4 represents the weight of an atom of soda, it is 
obvious that the weight of the acetate #f soda obtained by dis- 
solving' 6-75 grs, of carbonate of soda in acetic acid, and then 
drying the salt, diminished by 4, must represent the weight of 
an atom of acetic acid. Now in the two successful trials which 
I made, the acetate of soda weighed exactly 10-25 grains ; and 
10-25 — 4 =i: 6-25; consequently I consider 6-25 as represent- 
ing the true weight of an atom of acetic acid. , . , , 

It may be worth while to relate the attempt which I made to 
deprive acetate of lime of the whole of its water, though that 
attmnpt was unsuccessful. 6-25 grains of calcareous spar were 
dissolved in acetic acid in a silver crucible, the solution was 
evaporated to dryness in a very moderate temperature, and the 
dry salt was left for 12 hours exposed to the open air m the 
laWratory. The weight of the salt was 11-36 grs. It vf&s now 
Exposed to the temperature of 450° for four hours. By this 
treatment, the weight was reduced to 10-22 grs. ; and no turther 
diminution of weight was produced, though the same tempera- 
ture was kept up for many hours. 

Now it is obvious from the experiments above relateci wiUi 
acetate of soda that if the acetate of lime had been completely 
deprived of its water, its weight would have been 9*75 grs. ; for 
it must have consisted of 


Lime ...... 

Acetic acid. 


3-5 

6-25 


The water in the salt when it was gently evaporated to (ky- 
tiesB \^as 1*61 gr. or nearly an atom and a half. I was not able 
at Ae temperature of 450* to drive off the whole water; whttt 
fethfiined must have weighed 0*47 gr. or rather more than the 

tbitd of an atom. ^ t *1 ^ • n 

The preceding experiments^ which I have detailed as bneny 
as possible^, though sufficiently minutely, I trust, to put it in the 
c^ others^ inclined to repeal them and verify tbeir aOr^ 
racy, the conclusion thattbfe diflferent bodied, treatwj^ 

#hen in w separafe and insulated’ states ‘ haye atoildc 
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Bismuth 9*0() 

•Tin. 7-25 

Ahtimony 5*5 

Mercury 25*0 

Arsenious acid ^'2^ 

Boracic acid 2*75 

Oxalic acid . . 9*9 

Tartaric acid 9*5 

Citric acid 9*5 

Benzoic acid 15*00 

Succinic acid 6*25 

Acetic acid 8*5? 


I Now all these atomic weiglits (as has been the case with all 
I those determined before) are not only multiples of 0*125, the 
I atomic weight of hydrogen ; but of 0*25 = the double of that 
I atomic weight. # 

Four of these bodies ; viz. 

Oxalic acid, f^htric acid, 

Tartaric acid, Acetic acid, 

appear to contain water of crystallization, of which, however, 
they cannot be deprived com})letely without undergoing decom- 
position. This water, oi^at least a portion of it, they retain 
even wdien combined with basel. Thus when oxalic acid is 
combined with lime, and merely dried in the open air, or at a 
temperature of lOCP, it retains the half of its water; but it may 
be deprived of the whole T)f its water by the action of a stronger 
heat ; yet the acid is not decomposed, for it may afterwards be 
separated from the lime, and exhibited in its usual crystallized 
state. Tartaric and citric acid, when they are united %o oxide of 
lead, and the saline compound is dried at the temperature of 
lOO"^, are completely deprived of their water. On the contrary, 
I have been unable to deprive acetic acid of its water, when 
combined with any other base, except soda. 

It would appear from this, that when •these acids unite to 
bases, a certain portion of their water may be separated from 
them ; so that their equivalent number, when tliey enter into 
combination, may be represented as follows t 


Oxalic acid 4*5^ 

Tartaric acid 8*375 

Citric acid 7*25 

Acetic acid 6*25 ? 


These weights are all multiples of 0*125. 'Hiey are all multi- 
ples of 0*26, except the number, for tartaric acid, which evidently 
contains an odd number of atoms of hydrogen. I entertain 
some doubts at present \^hether we should consider the crystals 
of these acids, or the proportions in which they combine with 
Neic Series^ vol. ii. n . 
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certain bases as their atimic weight. If we adopt the second 
plan, we fall into the very extraordinary anomaly, that feuccinic 
acid and acetic acid, two acids exceedingly different in their 
properties, are notwithstanding composed each of the very same 
constituents. The subject will still require a good deal of 
research before it can be considered as suflicientiy elucidated. 
Meanwhile it is of importance to draw the attention of chemists 
to the subject. 1 shall, therefore, give two tables of the compo- 
sition of these acids. In the first table, they are supposed to 
be in the state of ciystals ; in the second table, they are sup- 
posed united to a base, and exposed to a temperature sufficiently 
nigh to drive off the whole water which they contain. The 
second table exhibits these acids as they have been estimated 
by Berzelius ; but I have in some places altered his results some- 
what, partly in consequence of the experiments detailed in the 
present paper, and partly from experiments on their direct 
decomposition, by heating them along with peroxide of copper ; 
experiments which I have thought it needless to detaij, as the 
results only can be tintitled to any attention ; and the mode 
wliich I followed is now sufficiently understood. 


Table I. — Constituents of Six Vegetable Acids supposed in t/it 
State of Cm/stals. 


Acids. 

Hydiog,en. 

Calbon. 

A 

Oxygen. 

Total weight. 


Atoms. 

Atoms. 

Atoms. 


Oxalic 

4 

2 

7 

9-0 

Tartaric 

4 

4 

" 6 

9-5 

Citric 

4 

4 

6 

9-5 

Acetic. 

4 

4 

5 

8-5 

Succmic. .... 

2 

4 

3 

6-25 

Benzoic 

6 

15 

3 

15-0 

Table II. 

— Constituents of Ditto supposed Anfn/drous. 

Acids, 

Hydrogen. 

Carbon. 

Oxygen. 

Total weight. 


Atoms. 

Atoms. 

Atoms. 


Oxalic ...... 

Q 

2 

3 

4-6 

Tartaric ..... 

3 

4 

5 

8-375 

Citric . ! 

2 

4 

4 

7-26 

Acetic 

2 

4 

3 

6-25 

Succinic 

2 

4 

3 

6-25 

Bemoic 

6 

16 

3 

15-00 


Ifwe Sadopt the numbers contained in the first table, we make 
the composition of tartaric and citric acids the same ; while the 
second table renders the composition of acetic and succinic 
acids identical. Each of these conclusions leads to difficulties 
which, in the present state of our knowledge, we are unaJile to 
explain. 
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Article V. 

Description of some Minerals found on the newly disconered 
Antarctic Land. By Thomas Stewart Traill, SiD. FRSE. 
MGS. &c. 

• 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Liverpool^ July 2, 1821, 

The return of some of our ships sent to procure seals on the 
shores of the newly-discovered Antarctic land has furnished me 
with the following mineral substances, which are chiefly inte- 
resting as tending to throw some light on the geology of that 
dreary and desolate region. 

1 . Trap JiocA:.— This, in some specimens, is an amygdaloidal 
greenstone, containing distinct grains of hornblende. It greatly 
resembles the rock in which the zeolites ©f the Ferroe Isles are 
chiefly found. In one specimen, now before me, it seems pass- 
ing into basalt ; and, when traversed by veins of quartz and 
chalcedony, it becomes extremely hard, resisting the edge of 
the knife, shows a blackish colour, and a conchoidal fracture, 
and is perfectly similar to the rock of Portrush, in Ireland, in 
which the ammonites are found. This latter rock I examined 
about two years ago, and found it to be a bed between two 
layers of common greenstone, with which, in some places, it is 
intimately blended. • 

2. Apophyllite in fine Crystals. — These are low rectangular 
prisms, with the solid angles truncated, or replaced by triangular 
planes. Some of the largest crystals, in my specimen, measure 
more than 3-lOths of an inch in length, and 2-lOths in breadth. 
The specimen forms a group upon rhombs of calc-spar, and 
bears so striking a resemblance to a specimen of apophyllite 
from Ferroe, that the eye cannot detect the difference between 
them. Tlie apophyllite of New South Shetland exfoliates rea- 
dily in the flame of a common candle, it breaks down into 
flakes in nitric acid (though not quite so readily as a specimen 
from Ferroe), and at length forms a jelly The pearly lustre is 
confined to the terminal planes of the crystals, while that of the 
sides is vitreous. These characters are sufficient to distinguish 
the apophyllite from a few crystals of stilbite, which I found 
adhering to the mass. Though none of the matrix accompanies 
my specimen, the trap is most probably the rock in which this 
mineral occurs. 

3. Stelbite. — A few crystals of this substance are mixed with 
the apophyllite, and also shgot among quartz crystals in drusy 
cavities. 

4. Druses, chi^y cdntaimn^ Quartz Crystals^ with a few 
Crystals of Apophyllite and £eoltte occasionally intermixed.-^ 
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These are remarkable foi^ tlieir perfect similarity to some of the 
druses found in the amygdaloid of Ferroe. The cavity has lirst 
a thin lining of chalcedony, not above l-.30th of an inch in 
thickness, yet pretty uniformly spread over the irregular surface 
of the cavity in the matrix: then appears a coat oi’ an o|)ai)iie 
snow-white substance, hard, and brittle, which easily scratches 
glass, and is not melted by the coinmo|,\ blowpipe, nor acted on 
by nitric acid. It passes by imperceptible shades into pyramiduS 
of transpaient quartz. On comparing this specimen \vitli one 
brought by my friend Major Petersen, from Ferroe, and another 
from Kiose Syssel, in Iceland, Uie similarity of their strucUne 
was such, that they might have passed as fragments of tlu‘ same 
specimen. 

6. Chalcedony in small veins, and in druses, 

6. Cah Spar^ both massive and in rhombic crystals, >vlncli 
appear to have lined cavities in the imp rock. 

7. Iron Pyrites disseminated in minute grains In the latter. 

When w'e add to these the well authenticated occurrem e of 

coal in considerable quantity in that part of New Soutli Slietlam i 
from which my specimens were brought, we must consider that 
re^on as belonging to a floetz trap formation ; ajid we cannot 
fail to remark the strong resemblance between the geological 
features of tlie new Antarctic land, ami some of the counlrit s 
near, and within the Arctic circle. # Should it be afterwards 
found, as is highly probable, that New South Shetland consists 
of a cluster of large islands; the analogy of tins group to the 
land around Baffin^s Bay will connect in geographical i elation 
the two extremes of our planet. 

TTie existence of unchanged bones of different cetaceous animals, 
and of seals, on the top of the mountains in New South Shet- 
land is fully confirmed ; and there is now in my possession tlie 
skull of an animal belonging to the class Mammalia, found on 
the top of a considerable mountain in that country, which, f rom 
a hasty inspection, appears to have belonged to a large species 
of seal. The quantity of those comparatively recent organic 
remains, which are sdid to occur in New South Shetland, and 
the want of inhabitents on its inhospitable shores, leave us no 
more plausible conjecture to account for their present extraordi- 
nary situation, than that the hills where they occur have, at no 
very distant period, been suddenly elevated from the bosom of 
the deep by some vast convulsion, most probably the effect of 
subterranean fire. Should this be the case, it will tend to con- 
firm the extensive agency of volcanic fire in moulding the sur- 
foce' of our globe, which the invaluable researches of the 
fflustrious Humboldt, among the Cordilleras of both Americas, 
and the deductions ofVonBuch, have rendered highly probable. 
Indeed the candid geologist muiSt Acknowledge, that some of 
our most consistent and celebrate^ speculators on the theory of 
the earth have not sufficiently estimated the extensive agency of 
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volcanic fire in contributing to the pref?ent arrangement of the 
surface of our globe; and a diligent observer must admit the 
strong points of resemblance between the floetz trap formations, 
and tiie undoubted products of volcanoes. ^ 
i am, dear Sir, 

Your most obedient servant, 

Thomas Stewakt Traill, 


Article VI. 

Un Carburet of Nickel. By Mr. Irving. 
(To itie Editor of the Annals of Philosophy.) 


JSIK, Btrmtngltam^ July 10, 1821. 

1 KKAO with some degree of interest the communication 
ii specting carburet of nickel, contained in the last number of 
v<!ur 

I have been in the possession of the article for severed years, 
:uid I have at different times made considerable quantities of it. 
1 tind tluit it may be very readily formed by the agency of very 
strong heat. 1 sliould kng since have sent a statement of the 
discovery to some of the periodical publications, and thus have 
secured to myself the priority, in reference, at least, to your 
corKispondent 'Mr. Ro>ss^ had 1 not been restrained by the remark 
ill Dr. riiomsoirs System, that by fonning nickel after the man- 
ner lie has described, it always contains a portion of carbon.” 
1 imagined that no one who had been apprized of this fact could 
ha\ e had any doubt of the formation of the carburet, when 
obvious means were had recourse to for the purpose. 

1 write to you at present in luiste, or I should have begged to 
state more particulars ; and though I regard the subject as of 
triffing importance, 1 think it due to mysjslf to request that you 
will allow me to state, in your publication, my claim to priority 
of discovery, E* Irving. 


Article VII. 

Proceedings of Philosophical Societies. * 
royal society. 

The following papers have been read since our last report : 
Jn/rj 5 . — On ilie Magnetic Phenomena produced by Electri- 
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city and their Relation 1K> Heat occasioned by the same Ao-ent. 
by Sir H. Davy. t ® 

J»ly 12. — An Investigation of some Theorems relating to the 
Theory of the Earth, &c. by M. Wronski. 

On the Peculiarities of the Manatee of the West Indies, by 
Sir E. Home. ■' 

On a new Compound of Chlorine and Carbon, by Messrs. R. 
Phillips and M. taraday. 

This conapound was brought to England, and given to these 
gentlemen by M. Julin, of Abo, in Finland, having been 
formed during the distillation of green vitriol and nitre for 
the production of nitric acid. It is a solid crystalline body, 
fusible and volatile by heat without decomposition, and 
condensing into crystals. It is insoluble in water, but soluble 
in alcohol, ether, and essential oils. It sinks in water. It bums 
with a red flame, giving off much smoke, and fumes of muriatic 
acid gas. Acids do not act on it. When its vapour is highly 
heated in a tube, decomposition takes place, chlorine is given 
off, and charcoal deposited. Potassium burnt with it fonns 
chloride of potassium, and liberates charcoal. Its vapour, deto- 
nated with oxygen over mercury, formed carbonic acid andchlo- 
nde of mercury passed over hot oxide of copper, it formed 
a chloride of copper and carbonic acid ; and, over hot lime, it 
^^ioned ignition, and produced chloride of calcium and car- 
Imnic acid. It is composed of chlorifie and carbon ; and from 
the experiments detailed, two parts appear to be formed, of 

1 portion of chlorine • .... 44*1 .... 33*5 

2 portions of carbon Ib-Q .... 1 1*4 

Hence it is a subchloride of carbon. AH attempts to form it by 
other means have hitherto failed. 

On the Structure and Functions of Uie Nerves, by Charles 
Bell, Esq. 

The Society then adjourned to the usual period. 

GEOLOGICAL SOCIETY. 

Mat/ 4.--The continuation of Mr. Strangway’s paper, on the 
Ueology of Russia, was read. i i J 

1 he central salt district occupies an extensive tract of coun- 
try, which IS partly marked by tlie course of the Volga, but will 
scarcely admit of any precise geographical boundary. In the 
government! of \aroslaf, Costrenia, and Vologua, salt is made 
from brine; and near the Volga, at Balakhna, where there are 
several bnne springs situated in a plain between the hills and the 
river, onS spring, opened in 1818, affords 13° of salt. The 
general character of the rocks in this district is red sandstone 
passing into marl, and the soil is, for the most part, very fertile. 
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i When ravines occur, as on the banks of the Oca and Volga, near 
' Nishroy Novgorod, they exhibit only liorizontal strata of red and 
white marl, with occasional alternations of red sandstone. 

Near Pechersk, the colour of this sandstone varies from a 
pale-red to a dusky-green, and is marked by irregular concre- 
tions, and a sort of globular structure like that of Borovichy 
and the Pepovca. At the bottom of this cliff, along the shore, 
it is a thick bed of a tery compact tufa, of which the cavities 
arc often filled with brown sulphate of lime disposed stalactiti- 
cally, and capable of taking a fine polish. Freshwater shells 
are sometime.s found in this tula. A similar formation exists in 
the Oca, near the salt magazine. 

Among the most remarkable natural curiosities of the govern- 
ment of Nishroy Novgorod are the rocks and cavern of Barnou- 
cova, which are situated near the western extremity of a ridge 
of hills that bound the northern bank of the river Piana, and are 
distinguished by their romantic beauty and resplendent purity of 
the alabaster of which they are composed. It is indistinctly 
stratified in large beds, and contains starry crystallizations of 
selenite. The neighbouring country is wholly of red rock marl, 
in which the alabaster forms subordinate beds. 

At the village of Troitska, 11 versts further up the Piana, a 
fibrous gypsum, which has been mistaken for the mineral called^ 
rock leSiher, is found in continuous layers between the beds of 
marl, and may be pulled out with care in sheets of several square 
fcct« 

At Simberck, the upper part of the hills in the V olga contains 
great quantities of a •very white marl (Jcretde-mcTg^') ^ and the 
fimestone of Cazan appears to belong to the same formation. It 
is of a greyish colour, usually very distinctly oolitic, and at the 
same time much harder and more compact than the rocks 
which form the oolitic series in England. At the former 
place also a black clay containing pyrites and green sand, and 
usually full of organic remains, is found. It appears also at 
Polymnia, a little higher up the river; at Mourzikha, on the 
Soura; at Vixa, and in some parts .of the neighbourhood of 
Moscow. The apparent situation of this rock is beneath the 

At Tatuski, 24 versts west of Moscow, a pinkish-white silice- 
ous sandstone is found in large slabs’ with irregularly curved 
surfaces. It is used for foundations and for millstones. 
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Scienl ijic Intclln^ence. 


[Auf!. 


Article VIII. 

SCIENTIFIC intelligence, AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. 

I. Third Report onhe Commissioners appointed hu His Majcsl,, to 
Unsidcr the Subject of WcighU and McLres. ^ 

Ma// It please pour Majestij^ 

to comoTe Th. thought it necessary 

to compare, Ihe measurements which we have lately performed 

i^^fjon the apparatus employed by the late Sir (ieorge Slmckburdi 

-«-ienfpredlt the 

r ^ ^ "'*th a view to the lixin.^ the m’uoii 

tudeofthe standard of weight; that of length beim. ain.ldVE' 
mined by the experiments related in our foniier Kepcfrf^ • andVe h ive 
found by the computations, which will be detailed i^ilu; Appendix 

leave, therefore, finally to recommend with all humility, to 

See? ‘•'-i rnodificationsiu^ 

gestca in our former Reports ; which are principally these : ^ 

hJ:’ r ‘ I pailiamentary standard yard, made by Bird in 1760 he 

tEcmdard It tl . r *’;Y ‘i«'l=*rmg. that ;i<)1393 inches of 

cmml 1 he fahrenlieit, have been found 

do on tl e lelcf iH'udu!.^ supposed to vibrate seconds in Lon- 
oon, on tiu tevel ol tlie sea, and in a vacuum. 

two poinid according to the 

trov IS n 1 I ‘ and that 7(XK) 

troy fci'- Ih demared to constitute an avoirduiiois pound • tlie cubic 

sr '■“! ■” 

litv'bv*ml'^‘"‘ c'® ^i"‘* i-e.stored to their original equa- 

itj, bj taking lor the statutable common gallon of the British empire 
a mean value, .such that a gallon of common water mal weS j^J 

277?cubkt,c'u'' circnm.stancc.s, its content bdng nearly 

and of th h 1" ‘“i“^ ' standards of this imperial gallon, 

and of the bushel, peck, ejuart, and pint, derived from it and of their 

S:;t arnffor "m^otlier 

no feel ourselves competent to deterinine. But it ajmea ”s' to ^s that 
m ling w on d be more conducive to the attainment of this end' than 
increase, as fur as possible, the facility of a ready recurrence to the 
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legal standards, which we apprehend to |)c in a great measure attain- 
able by the means that we have recommended ; it would also, in all 
probability, be of advantage to give a greater degree of publicity to 
the Appendix of our last Report, containing a comparison of the cus- 
tomary measures employed throughout the country. 

5. We are not aware that any further services remain for us to 
perform in the execution of the commands laid upon us by your 
Majesty’s commission ; but if any superintendence of the regulations 
to be adopted were thought necessary, we should still be ready to 
undertake such inspections and examinations as might be required for 
the complete attainment of the objects in question. 

(Signed) George Clerk. 

London, Davies Gilbert. 

March 31 , 1821 . W. H. Wollastox. 

Thomas Young. 

Henry KLater. 

APPENDIX. 

The commissioners having been furnished, by the kindness of the 
Mon. (. Iiarlcs C. C . Jenkinson, wa’tli the apparatus employed by the 
late Sir George Siiuckl)urgli Evelyn, in the determination of the mag- 
nitude of the standard weights, and there being some doubt of the ptT- 
feet accuracy of his method of measuring tlie capacity of the bodies 
em})loyed, it was judged necessary to repeat that measurement with 
greater precautions ; uikUIic results of Capt. Rater’s experiments have 
alibrded some slight corrections of the capacities in question. 

The sides of ^Sir George KSIiuckburgh’s cube were found by Captain 
kater equal to 4-98911, 4*9vS934, and 4*98935 inches; the diameter 
of the cylinder 3*99713, ^jnd its length 5 99600 inches; and the diame- 
ter of the spliere 6 00759 inches. Hence the content of the cube 
appoars to be 124*1969 inches; that of the cylinder 75*2398 ; and that 
of the sphere 113‘5264 inches of Birds parliamentary standard of 
1760, recommended in the last Report of the commissioners, or of the 
standard made by Trough ton lor Sir George Shuckburgh. 

I he diflcrencc of the weight of the cube in air at 62°, with the baroi* 
meter at 29 0, and in w’ater at 60*2°, was 31381*79 grs, ; and adding 
to this the weight of an equal bulk of tlie air at 62°, which k of 

tliat of the water, or 36*26 grs. and subtracUng from it ^.v of this, or 
4y26 grs. the buoyancy of the brass w eights, we obtain 31413*79 grs. 
lor the w eight of tlie cube of w ater in a vacuum at 60*2^ Now tliis 
cube is less than the supposed measure at thG» standard temperature of 
62 3 in the ratio of 1 to 1*0000567, on account of the contraction of the 
brass ; and the w ater is denser than at the standard temperature, 
according to Mr.Giipin’s experiments, in the ratio of *99998 to *99981, 
or of 1 000 1 7 to 1, the whole correction, for the difference of 1*8°, 
being *0001 1 33, or 3*55 grains, making 31410*24 for the weight ofthe 
cube of water in a vacuum at 62'^ ; which, divided by 124*1969, gives 
252 907 for the w eight of a cubic inch in Sir George Shuckburgh’s 
grains. 

In the same manner, we obtain for the cjdinder, which was weighed 
m air under the same circumstances, and in water at 60*5°, the differ- 
ence being 19006*83 grs. the correction s for the effect of 
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buoyancy, amounting to 19*43 grs. and for the difference of tempera- 
ture of the water and brass conjointly, the densities being *999955 and 
*999810, the correction *000145 — *000047 = *000098, or 1*86 grs* 
leaving 4- 17*57 grs. for tlie whole correction of the weight, as reduced 
to a vacuum at 62% and making it 19024*40, which, divided by 
75*2398, the content of tlie cylinder, affords us 252*851, for tlie cubic 
inch in a vacuum at 62°. 

The sphere was weighed in air at 67°, tli^j barometer standing at 
29*74; the correction for buoyancy is here or for 

28673*51 grs. 29*72 : while the temperature of 6(3" requires, for the 
difference between the expansion of brass and water, the addition of 
•00042 — *000126, or •0(X)294 of the whole; that is 4 8*43 grs. mak- 
ing the whole correction 38* 15, and the weight in a vacuum 28711*6(3; 
w&ch, divided by 113*5264, gives us 252*907, for the cubic inch in a 
vacuum. 

The mean of these three measures is 252*888, giving for the three 
errors 4 *019, — *037, and 4 *019; and this mean, reduced to the 
parliamentary standard, makes 252*722 grs. for the cubic inch of dis- 
tilled water at 62°, weighed in a vacuum, or 252*456 in air, under the 
common circumstances of tlie atmosphere, when weights of brass are 
employed. In a vacuum at the maximum of density, that is at 39% 
the weight of a true cubic inch will be 253 grs. and of a cubic deci- 
metre 15440.* The proposed Imperial Gallon, of 10 pounds, or 700(X) 
grs. of water, will contain very nearly 277*3 cubic inches under com- 
mon circumstances. 

II. Potash from Potatoc *Stalk$, 

According to some experiments stated to have been made in France, 
and detailed in the Philosophical Magazine for November, 1817, 
2000 lb. of potash are obtainable frora.^ tlie stalks of an acre 

potatoes. Mr. Rice, who tried the experiment in Ireland, (bund 
that only 2014 lb. could be obtained. With a view to verify or cor- 
rect the French statement. Sir John Hay, Bart, at the request of Dr. 
Maccuiloch, made a large experiment on his farm near Peebles. 
Pr. Maccuiloch states, that the ekperiment was conducted implicitly, 
according to the directions given in the narrative of the French exjicri- 
ment, from the cutting to the burning of the plant; and the ashes were 
examined by Dr. Maccuiloch himself. 

The results of two trials on separate acres were as follow : premising 
that the Scotch acre is one-seventh larger than the English, and pre- 
suming that, in the original statement, the measures were reduced to the 
English acre. The first acre was a rich loamy soil at King’s Meadows ; 
the potatoes were drilled, and produced a good crop. They were cut, 
as directed, immediately after flowering, left 10 days to dry, and burnt 
in a pit. The produce was 222 lb. of ashes, and in lixiviation and 
drying these yielded 55 lb. of impure potash, or mixed salts. 

The second acre was a clayey wet soil, with a retentive bottom ; 
but the crop, which was also drilled, was considered moderate. These 
alems were treated in the same manner ; but the burning was more 

« It af)pcitrs, however, from an official I{e|)or(, obli;;inf;ly commuiiicaled fo ua by Pr. 
Kelly, that the actual standard chiliogranune ha.' been found to contain only 
Kngii'ih graini. 
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complete, the aehes containing lees charcoal than the preceding. They 
weighed only 112 lb. and produced 28 11) , of impure potash. 

Taking a mean result from the experiments made in Ireland and 
Scotland, or even admitting the former to afford a better standard, 
tiiere is evidently no temptation, says Dr. Macculloch, for agricultu- 
rists to repeat these trials with a view to profit i fpr, on analysis, the 
aline mass called impure potash did not contain above 10 per cent, of 
pure alkali. — (Journal of* Science.) 

III. Chromic and Stdphuric Acids. 

WTien sulphuric acid is boiled on chromate of lead or barytes in 
excess, the chromic acid obtained is not pure, but contains sulphuric 
acid. The liquid containing the two acids, when successively evapo- 
rated, entirely crystallizes in small <j[uadrangular prisms of a deep red 
colour. If the heat and concentration be carried too far, oxygen is 
disengaged, and sulphate of green oxide of chromium found. These 
crystals are deliquescent, and contain one atom of each of the acids. 
To analyze them, they were boiled with a mixture of muriatic acid 
and alcohol, so as to convert the chromic acid into green oxide ; then,, 
dividing the liquid into two parts, one was precipitated by muriate of 
barytes, to give the sulphuric acid ; and the otlter by ammonia, for the 
oxide of chrome, and, consequently, the chromic acid. 

Alcohol easily dissolves this substance, and, if strong, so rapid a 
decomposition is produced, as to resemble an explosion. The chromic 
acid becomes oxide of chromium, and a particular ethereal odour is 
produced. Having ascertained that the same odour was produced by 
treating peroxide of manganese with alcohol and sulphuric acid, I col- 
lected some of tliis ethereal fluid by distillation, and rectified it on lime 
to separate water, and on chloride of calcium to separate alcohol. It 
was then of an acrid burning taste, and very penetrating odour, resem- 
bling sulphuric etlier. when mixed with water, it separated into a 
stratum of sulphuric ether, and a white transparent light oil, identical 
witli the sweet oil of wine. The mixture of alcohol, sulphuric acid, 
and black oxide of manganese, that had been used, contained much 
sulphate of manganese, but no hyposulphuric acid. 

Hence, in treating alcohol by chromic and sulphuric acid, or by the 
latter and peroxide of manganese, it appears to undergo the same alte- 
ration as by sulphuric acid alone. Sulphuric ether and sweet oil of 
wine are formed by means of the oxygen of the chromic acid, or of 
the peroxide of manganese. The sulphuric acid sufters no alteration, 
but its presence is necessary to determine the decomposition of the 
alcohol and the partial deoxidation of the chromic acid, or peroxide, 
in consequence of its affinit}^ for the oxid& of chromiiun and man- 
ganese. I do not doubt but that it might be replaced by many other 
acids. 

M. Gay-Lussac, to wdiom these experiments are due, then observes, 
that Scheele and Dobereiner had noticed effects relative to this sub- 
ject. Scheele remarked the ethereal smell, See. produced^by the 
action of peroxide of manganese, sulphuric acid, and alccJiioI, and 
distilling slowly; and Dobereiner had observed a similar odour in a 
mixture of cliromate of potasji, sulphuric acid, and alcohol. — (Ann. 
de Cliim. vol. xvi. p. lOJ.) 
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IV. Process\[)f a?iali/zmg Gunpomkr^ 

The process usually employed for analyzing gunpowder (consists in 
washing the powder" witli water in order to separate the nitre, and 
treating the residuum witli potash, which dissolves the sulphur and 
leaves the charcoal.. Although this process appears to be easy, it is 
attended with some difficulties, which are discoverable only in the 
execution of it; the use of this method musUnot, however, be con- 
demned ; aiitV is necessary to have recourse to it, if the quantity of 
charcoal contained in the powder is to be determined in a direct mode. 
When it is requisite to use this method, it is better to take two por- 
tions of pow der ; one of them is to be v/a^JK'd to obtain the nitre ; the 
residuum is to be dried and weighed. The other portion is to be 
mixed w ith an equal quantity of potash and a little water, and the 
mixture is to be heated : the sulphur readily dissolves, and it is then 
to be washed until the water has no sulpimrous smell,, or until it does 
not preci{)itate acetate of lead of a black colour, llic cliarcoal is to 
Ik? dried and wc'ighed. The w eight of the sulphur is to he estimated 
bv deducting that of the nitre and charcoal from the w^eight of the dry 
gunpowder employed, "ilie results of the analysis may be verified by 
comparing the weight of the sulphur and charcoal left by the first 
portion of junvder w ith that given by the st?cond. 

In follow ing this process, there is to me uncertainty in determining 
the proportion of charcoal, and w'hich exists, also, with respect to tlie 
quantity of sulphur. If, therefore, the weiglit of the sulphur could be 
determined by direct means, the analysis pf the pow’der would be 
much more exact. For the purpose of acconqdishing this, tbc foliow'- 
ing process is described ; and its correctness has been proved by a 
great number of experiments. 

A certain (|uantity of powder is to be dried in order to determine 
tlie proportion of moisture which it contain!, and to determine wu'th 
certainty the quantit}^ of charcoal wduch, in tins process, is obtained 
only by subtraction. I'he nitre is estimated by wasliing the powder, 
evaporating the washings, and fusing the saltrie residuum. 

In order to determine the quantity of sulphur, 75 grs. of the pow- 
der, and an equal weight of pure subcarbonate of potash, are to be 
mixed. Tlic mixture is to be w^ell pulverized in a mortar, and 75 grs. 
of nitre and 300 of common salt are then to be added. These, after 
having been thoroughly mixed, are to be lieated in a platina vessel in 
a cliarcoal lire ; tlie combustion of the sulphur takes place slow ly, and 
the mass soon becomes white. The operation is then linislied : the 
vessel is to l)e removed from tlie fire, and, when cold, tlic saline mass 
is to be dissolved in water, the solution is to be saturated with nitric 
or muriatic acid, and the sulphuric acid precipitated by muriate of 
barytes. 

There are two modes of effecting tliis precipitation : the first, which 
is generally followed, consists in adding a slight excess of muriate of 
baryte^, ^and collecting the sulphate ol‘ barytes produced. This process 
requires numerous w ashings, which can only be made at long inter- 
vals, because sulphate ol‘ barytes subsides slowly, especially tow'ards 
tire end of the operation, at wdiich time this salt of’len remains sus- 
pended, and goes through tlie llnckest filters. If the sulphate of 


1821.] Nev) ScicHtijic 157 

barytes be washed upou the filter, frc^i inconvenience arises ; tlie 
sulphate must be detached from the filter, or they must be weighed 
together; and, in either case, an error is easily made, especially if the 
operator is not well skilled. « 

The other mode of precipitating the sulphuric acid, and which it is 
lierc proposed to adopt, is to take a solution of muriate of barytes of 
known strength, and to pour this solution into that which contains the 
sulphuric acid, until precipitation ceases. When the jirecipitation is 
nearly com|)lete, the solution of muriate ofbaiytes shJnld be added 
onl}^ by dro{>s. The solution, after each addition ol' the muriate o<j“ 
barytes, is to remain till it becomes clear before any more is added. 

To expedite the process, a portion of tlie liciuor may be filtered, and 
a drop of muriate of barytes added to it Tlie same filter will serve 
for the whole operation. There is no danger of the sulphate of barytes 
passing the filter in this operation ; tins only occurs when the water 
contains but little or no saline matter in solution. 

Tlic quantity of .sulphuric acid, and, consequently, that of the sul- 
phur, is given by the weight of the muriate of barytes employed; the 
equivalent number for sulpliur being 201 Ki, and that of crystallized 
muriate of barytes I52'a l<. It will be suliicient to make this propor- 
tion : ld2'I f : 20116 :: the quantity of muriate of barytes employed 
is to a fourtli term, which is the quantity of sulphur souglit. 

This jirocess, it ap|)cars, is used at tlje laboratory of the powder 
manufactiircrs In IVance, and it is stated to determine the quantity of 
sulphur within J -.IOOth or 1 -1000th part. The common salt is used to 
moderate the deflagrating ; and tlie carbonate of potash Is necessary 
to prevent the sulphuric acid from being volatilized. — (Ann. de C'liini. 
et riiys.) 


Upon this ])roccss, I ^ould merely remark, that there Is no dangcT 
of sulphate of barytes passing through tlie filter, if the solution from 
which it is precipitated be hot ; and it very readily subsides in hot. 
water, I have not found any difficulty in ascertaining the quantity of 
sulphate ofbaiytes, jirovided a double hlter be u.sed; the outer one to 
serve, of course, as a counterpoise to that which contains the sulphate 
of barytes. — Ed. 


Article IX. 

NEW SClENTiriC B,OOKS 

PREPARING VOR PCBI.ICATIOX. 

Lectures on Botany, by Anthony 7"odd Thomson, Esq. FLS. 

Dr. Conquest will publish in a few weeks, a Second and enlarged - 
Edition of his Outlines of Midwifery, Sicd* with Copper-piate 
instead of Lithographic Engravings. • 

jvyr PirUMsHEO. 

A Treatise on the Nature and Treatment of Scroplmla, describing 
its Connexion with Diseases oT the Spine, Joints, Eyes,.Jjlands, &e. 
founded on an Essay to which the Jacksoniiin Prize, for the Year 
ISIS, was adjudged by the Royal College of Surgeons, To which is 
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added, a brief Account of th|t? Ophthalmia, so long prevalent in Christas 
Hospital. By Eusebius Arthur Lloyd. 8vo, 9s. 

A Treatise on Acu-puncturation, a Description of a Chinese Surgi- 
cal Operation now introduced into European Practice. By James 
Morss Churchill. 8vo, 4^. ^ 

Observations on certain Affections of the Head, commonly called 
Headaches, with a View to their more complete Elucidation, Prevention, 
and Cure ; together with some brief Remarks on Digestion and Indi- 
gestion. By James Farmer, Member of the Royal College of Surgeons 
in London. 18mo. 2s. 

Practical Observations on Cold and Warm Bathing ; and descrip- 
tive Notices of Watering Places in Britain. By James Miller, MD. 
Fellow of the Royal College of Physicians, and Lecturer on Natural 
History and Chemistry. 12mo. 4.?. 6d. boards. 

Researches into the Laws and Phenomena of Pestilence ; including 
a Medical Sketch and Review of the Plague in London in 1665, and 
Remarks on Quarantine. By Thomas Hancock, MD. 8^. 

New Descriptive Catalogue of Minerals ; with Diagrams of their 
simple Forms : intended for the Use of Students, in the Classification 
of Minerals, and the Arrangement of Collections. By John Mawe. 
The‘Fourth Edition, entirely re-written, and considerably enlarged. 7s, 

One Thousand Experiments in Chemistry ; with Illustrations of 
Natural Phenomena ; and Practical Observations on the Manufactur- 
ing and Chemical Processes at present pursued in the successful Cul- 
tivation of the Useful Arts, with numerous Engravings on Wood and 
Copper. By Colin Mackenzie. 8vo. 1/. Is. 

Scientific Amusements in Philosophy and Mathematics; together 
with amusing Secrets in various Branches of Science. By W. Enfield, 
MA. 12mo. 3^. 6d. 

An Account of the Interior of Ceylon and' of its Inhabitants, w ith 
Travels in tliat Island. By John Davy, MD. FRS. 4to. Si. 135, 6d. 

Zoological Researches in the Island of Java, &c. &c. w ith Figures of 
Native Quadrupeds and Birds. By Thomas Horsfield, MD. To be 
comprised in Eight Numbers. No. I. royal 4to. 1/. D. 


Article X. 

NEW PATENTS. 

Aaron Manby, of Horseley, near Sipton, Staffordshire, iron master, 
for improvements in manufacturing steam-engines. — May 9, 1821. 

Samuel Hall, of Basford, Notts, cotton-spinner, for an improvement 
in tlie manufacture of starch. — May 9. 

George Frederick Eckstein, of High Holborn, ironmonger, for cer- 
tain improvements in cooking apparatus. — May 9. 

John Mayor, of Strawbury, and Robert Cook, of Shrewsbury, 
Salop, for certain improvements in machinery for raising water, which 
is to be denominated Hydragogue. — May 9. 

Robert Paul, of Starton, Norfolk, and Samuel Hart, of Redenhall- 
with-Harleston, Norfolk, for an improvement in springs for carriages. 
—May 17. 
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Article XL * 


METEOROLOGICAL TABLE. 

■% 


1821. 

Wind. 

Bahou 

Max. 

rirrrER. 

Min. 

Therm* 

Max. 

OMETER, 

Min. 

Evap. 

Kain. 

Hygr. at 
9 a.m. 


6'th Mon. 


1 









June 1 


E ! 

30-09 

30-04 

74 

43 

— 




2 

N 

E 

30-04 

29*95 

76 

44 

— I 




3 

N 

E 

29*95 

29*75 

75 

47 

42 

03 



4 

N 

W 

29-77 

29-67 

67 

45 

— 

03 



5 

N 

W 

‘29*89 

29-77 

74 

52 


34 



6 

N 

W 

29*93 

29*83 

69 

48 

33 

11 

■r< 


7 

S 

W 

29*83 

29 69 

69 

50 

_ 

1*08 


> 

8 

N 

E 

■jp-fie 

29-69 

56 

36 





9 

N 

W 

29-87! 

29*80 

68 

40 

— 

12 



10 

N 

W 

29*93 

29*80 

60 

35 


10 



11 

N 

E 

30-24 

25-93 

57 

43 

40 

08 



12 

Var. 

30-28 

30*24 

57 ' 

41 

_ 




13 

N 

W| 

30-31 

30-28 

59 

36 

— 




U 

N 

E 

30*34 

50-31 

65 

40 

— 




15 

N 

El 

30*34 

3^*25 

69 

44 

— 



» 

l6* 

N 

E 

30-31 

30*25 

65 

48 

50 

01 



17 

N 

E 

30-33 

30-31 

61 

48 

— 




18 

N 

E 

30-31 

30-24: 

67 

43 

— 


75 


19 

N 

E' 

30-24 

30*14 

65. 

40 

47 

01 

66 


20 


N 1 

30*14 

30-12 

65 

37 

— 


72 


21 

N 

E 

30-19 

30-12 

66 

34 

... 


66 


22 


N 

30*20 

30-19 

61 

48 

— 


64 

t 

23 


N 

30-20 

30-16 

61 

38 . 

— 


67 


24 

N 

E 

30l6’j 

30-15 

66 

44 

47 


68 

1 

25 

N 

E 

30-16 

30*15 

71 ' 

49 

— 


69 


2G 

N 

E 

30*15 

30-12 

69 

49 

— 


70 


27 

N 

E 

30*19 

30-12 

68 

45 

^ 45 


64 


28 

N 

El 

30-19 

30*16 

74 

40 

— 


65 


29 

1 Var. 

30*1 6 

30-02 

77 

46 

— 


61 

0 

30 

s 

Wj 

30*02 

29*65 

31 

54 

43 

1 31 

62 





130-34 

29-65' 

81 

34_ 

1 3*47 : 

1^22 

1 75-»-6l 



The obsei*vation8 in each line of the table apply to a period of twenty-four hours, 
beginnmg at 9 A. M. on the day in^cated in the first column. A dash denotes thsafe 
the result is included in the next following observation. 
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REMARKS. 

SiMk Monik.l^i^ 2, 3. Fine. 4, 5. Cloudy. 0. Cloudy; showers. 7. A 
very heavy shower of rain and hail from three to four o’clock, p. ni. 8. Cloudy. 
9. ‘Cloudy; rainy night: some hail at half-past nine, a. m. 10, 11. Showery. 
12. Cloudy. 13. Cloudy and line. 14. Cloudy: fine. 15. Ditto. 16, 17. Ditto. 
18, 19, Fine. 20, 21, 22. Overcast. 23. Fine: overcast. 21, 25. Overcast. 
26. Fine : cloudy: very fine Cirrus in the morning. 27. Fine : clear. 28, 29. Fine: 
Strati in the marshes at night. 


RESULTS. 


Winds: N, 3 ; NE, 16; E, 1 ; SW, 2;,NW, 6; Var. 2. 


Barometer ; Mean height 

For the month 30-075 inches. 

* 

For. the lunar period, ending the 22d 30*062 

For 1 3 days, ending tlie 7 tli (m(K)n north) ............ 29*969 

For 15 days, ending Uie 22d (moon soutli) . . 30*152 

Thermonpietcr : Mean height 

For the month 55*316^ 

For the lunar period ^ « «• 52*7 58 

For 31 dajrs, the sun in Gemini 51 *661 

Evaporation 3*47 in. 

Rain. 2*22 

Mean of hygrometer for 13 days : . . 68® 

Lak>ratorpf Stratford, Seventh Month, 21, 1821. R. HOWARD. 



ANNALS 

or 


PHILOSOPHY. 


SEPTEMBEH, 1821. 


Article I. 

On the Geology of the Neighbourhood of Okehampton, Devon. 

By the Rev. J. J. Conybeare. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, * 

The western brar^Jh of the river Okement has, from the 
general beauty of its scenery, and the singularly picturesque site 
of the castle, which guards the entrance of t6e defile through 
which it flows, long ago attracted the notice of tourists. Its 
course, like that of most mountain streams, affords also to the 
geologist a tolerably perfect section of tlie rocks superposed 
upon that from which it takes its rise (in this case, the central 
granite of Dartmoor). His researches ^will be facilitated by the 
magnificent road lately ctd; on its NW bank by Mr, A. Saville, 
and by the extensive limeworks carried on at Meldon Quarries, 
I have to regret that my own inspection was too cursory, and my 
collection of specimens too limited, to afl5rd materials for a fuller 
and more accurate description; but as none has, I believe, 
hitherto been made public, the following memoranda may not, 
perhaps, be altogether uninteresting. 

BeUeve me, with much ^ 

Veiy truly yours, 
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whole Dartmoor range. It is white, and coarse-grained. It 
contains oceasiohally vein? of felspar, quartz, and tourmalin, and 
exhibits, thdtigh ftparingly, the remarkable contemporaneous 
patches of a finer grain,^ wnich have been noticed in other places, 
and might at first sight be mistaken for imbedded masses. In 
one of these, I observed an intermixture of extremely minute 
portio«s of tourmalin, and a tendency to orbicular aggregation, 
which, had the rock been less friable, and its formation more 
perfect, might liave afforded specimens for the lapidaiy". In 
another block, I noticed a remarkable disposition of quartz and 
felspar in alternate layers, of about one-fourth of an inph broad, 
each retaining their usual semicrystalline aspect. This variety 
evidently passed into the common form of granite. The lami- 
nated portions (if I may so call them) contained little or no mica. 
The immediate junction of the granite with the superincumbent 
rock is concealed on the banks of the river by vegetation, and in 
its bed by the accumulation of bowlders. Among these, how- 
ever, are found portions of the same obscure gneiss, formed 
apparently by the union of a dark violet coloured slaty felspar, 
with a small portion of mica (or chlorit ?) and quartz, which 
occurs in many parts of the Ocrynian groupe, immediately repos- 
ing on granite.* It is probable, therefore, that this is the case 
in the course either of the Okement, or of one of its tributary 
streams. The first rock, however, whicjh can be traced /// situ 
(A) is a hard compact black slate, not very readily fissile, yet 
exhibiting in parts a decidedly laminated structure. Its fracture 
in the more massive varieties is imperfectly conchoidal, and the 
fragments thick, under the hammer if* is rather tough than 
brittle, and, before the blowpipe, fuses reluctantly into a nearly 
opaque glass, of a muddy-white tinged with green. A high 
magnifying power shows minute brilliant specks, apparently of 
mica, disseminated through its mass. It is rather crushed than 
abraded by a common file, and acts as a good touchstone for copper 
and silver. I have been thus particular in describing this rock, 
i>ecause I am somewhat uncertain whether to ascribe it to the 
greenstone series which‘follows, or to consider it (which I am 
rather disposed to do) as an indurated and massive variety of the 
clay slate, or killas, which usually reposes on the granite of the 
w est.f This rock is traversed in every direction by granitic and 
felspathic veins, varying in breadth from some feet to ^ mere 

* See Prof. Sedgwick’s Memoir on Cornwall (Cambridge Phil. Trans, p. 113). 
At the southern extremity of Dartmoor, I have noticed this rock near Ivy Bridge, at 
Buckland in the Moor, and especially in the channel of a small stream which flows into 
Holme Chase a little above die road to Spitchwick. It is found, traversed by smdl 
veins of felspar and touimalin, and forming from its colour and perfection, handsome 
and well characterized specimens, at a mine sunk upon the point of junction at Kith 
Hill, near Callington. I have ventured to us^ the tenii Ocrynian on the authority of 
Messrs. Gxccnough and W. D. Conybeare. 

t I should it to Divirion I, Argil. Schist of l>r. Miwimaoch^ Cle«- 
sific^on, p, 35S 
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line/ and exhibiting frequently even in hand spepimem veij 
singularly tortuous forms.’"' in oni; spot this rock has heen 
excavated under the hope of finding tin. The trial appearu to 
have been unsuccessful. The Deads affiftded specimens of coani^ 
dark-brown garnet, associated with calcareous spar and axinitp^ 
the latter much disguised by its incorporation with the rock 
which serves as its matrix, and which, as well as its imbedded 
minerals, is much charged with oxide of iron, and •considerably 
increased in weight. It is also rendered, perhaps by these 
extraneous admixtures, much more fusible.f This rock is sue* 
ceeded by thick and nearly vertical beds of a very compact 
greenstone (B), exhibiting for the most part rather the character 
of granular felspar tinned by the intimate admixture of horar 
blende. The face of Meldon Hill formed by this rock (on tW 
left bank of the stream) is precipitous and highly picturesque. 
Here the felspathic veins appeared to cease, but the garnet and 
axinite still occurred in small contemporaneous veins, and were 
somewhat more distinctly characterized than in the slate A. We 
found traces also of epidote. Upon this greenstone rests, at a 
verj'' high angle, the limestone (C) of Meldon Quarry interstratified 
with beds of (hornblende?) slate more or less compact, and occa- 
sionally of granular felspar nearly free (as far as the eye can 
judge) from any foreign admixture. When the alternation of 
this with the dark horftblende slate has taken place on a small 
scale, it affords very handsome specimens for the cabinet. J The 
limestone itself is black, of an earthy texture, good quality, and 
extensively worked. H contains, as far as our observation went, 
no traces of organic r^ains.§ In the beds of granular felspar, 
we observed minute rifts coated with a mixture of calcareoua 
spar and a mineral of a light-brown colour, and considerable 
lustre, beautifully arranged in stelliform groupes composed of 
numerous minute prisms radiating from a common centre. If it 
be not a variety of epidote (to which species, from its corapara- 


♦ I subjoin a list of some among die more obvious : ' tlieir general resemblance to the 
lilvans of tlie Cornish Killas will be immediately seen.* 

1, Granular felspar and quartz, with some traces of silvery mica. 

2. Same aggregate, in ore crystalline, and with a greater portion of mica. 

8. Same, with numerous plates of silvery mica (mica talcite ?) and specks of dark 
violet coloured fluor spar. ♦ 

4. Quartz and tourmalin. 

•f It has long ago been advised that those specimens of simple minerals only should 
be selected for chemical examination, or analysis, which are free &om all admixtiure 
either of the rock which forms their matrix, or of any other foreign ingredient. The 
«aine caution should be carefully extended to rock specimens whim have their charac- 
ters in many instances as much or more disguised and altered by the |nthimte«admix^ 
ture of imbedded minerals. 

Z In some places, the hornblende is distributed in patches, giving the rock a doudjip 
appearance ; its particles being still too minute to be identified as horiihlendeieven with, 
alens. ’■ * 

§ This limestone is rapidly acted upon by dilute muiiatic add* Thus 
yields a oomn^ralde resirnuun, txmsiattng carbon and an earthy matter, readily fii«« 
hie by the blowpipe into a semi-transparent ^obiile, of a widte cokmr, whidi in^ 
considered, perhaps, as febpar In a state of inmutc division. 

m2 


Ilii JHTr. fSfap^ 

ktr(liie&s fuisibilily before the Wbwpii^^ I am 

to refei it if p^jssiUy amon^ the Bubstantesi hitherte 
^ Asgbciated: with ftik senes of rods, vm found a 
variety of eompact falser so penetrated partly by hornblende^ 
smd pm^y by the carbonaceous matter which tinres the lirao^ 
as to assume a deep-black colour.t Ibis is distin- 
knii^d from the compact slate A by its more conchoidal 
itesiure, its greater brittleness and fusibihty before the blowpipe. 

"Hie limestone is succeeded by dark-grey and black argilla* * * § 
€eou8 slate, occasionally passing into a hornbleiMie slate, and 
ixmlaining many suborainate beds, or masses of small grained 
|IO^hyritic greenstone. In the latter, the imbedded substance 
is invariably felspar ; the same mineral seems predominant also 
in the base.:|: Some specimens procured in Mr. Saville^s copse, 
nearly opposite to Pen Clee Flats, are by no means destitute of 
beauty. At this spot also my companion § discovered a portion 
* of the black slate coi^ning minute crystals of chiastolite, a 
mineral which had not before, as far as I am aware, been noticed 
in the west of England. I have since found it in a similar rock 
occupying nearly the same relative situation to the granite near 
Ivy Bridge, on the south of Dartmoor. Passing on towards the 
new road, cut by Mr. Saville, on the left bank of the river, we 
found the slate losing its intense black colour, and assuming 
ah the characters of transition clay %late. At the section 
afforded by the abovementioned road, it is found of various 
shades of grey and fawn colour, occasionally containing spangles 
of mica. Here it alternates with beds of compact greywacke,|l 
and exhibits the curved and undulating stratification so strikingly 
characteristic of this series throughout its whole extent in the 
west. 

To this imperfect sketch, I have only to add, that the rock 
which I have described as greenstone exhibits no traces of 
hornblende either as an imbedded substance, or in the veins or 
rifts. As insulated specimens, many or most of its varieties 
might, with more accuracy, be considered as compact or slaty 
felspar. Considered, however, in its geological relations witn 


* I have found traces of tht- same mineral and also of axmite m a iilat|r compact lei* 
spar, more or less tinged with hornblende (?) near Ivy Bridge. The npedmens of compact 
Irom this spot (I. B.) are among the best chazacteriiedatid Aandaomcvt vhidi I 
aiw^ed in the vest of En^lm^ 

^ Aroekapfuirmtlyidendcal irith ihiaoccamonUiesoiahemboimdaiy o£]>u^^^ 
heiwem dbe gmenstone of Bovey Tracy and the granite. 

I The may ki generd be referred to gramte, Bhr. 1. IK e* of Dr. Maceulficli’a 
Claerif. In some blocks we observed this greenstone apparently travailed by vehts of a 
ywt daricefiimdmoracompact vaoe^mi^ 

§ The Bar. Seek. 

II I have used the term greywacke, because, lh>m the ^eral amect of this portkii of 

Todt, inoit wmmt at once, I appreiunid, consider tl as Idboging to hx* 

raation. howov«e,fiiaiUb^ viili4ii&> 

bi^iiiebkwpipo. The lath is, periMip% im intimate 
raid quarts. 
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the tocks -ef Soarton, Sticlckpatli, and othea- portionsj,; afipife- 
rendy.of the same formation, saw landing this extremii^, 
Dartmoor^ most of which aboond in ‘hornblende, it 
under the present *tate of our knowledge and nomenclature, he 
termed greenstone. Whetlier it may not become expediaal; 
hereafter to assign a separate class to those rocks of which eoi#. 
pact felspar forms the.principal ingredient, or whether a careM 
pursuit of the esperiments of Cornier and others rpay not pave 
the way to a more accurate subdivision of the obscurer members 
of the greenstone and trap families, are questions which I wil- 
linriy leave to your more acute and better informed readers. 
To such as have the opportunity, I ^ould further recommend 
the careful examination of the rocks immediately incumbent on 
the granite of Dartmoor, especially those which occur between 
that rock and the limestone so frequently occurring in its neigh- 
bourhood. 


The following should have been added to the memoranda 
on the Red Marie of Devonshire ; 

The only rock hitherto ascertained to be subordinate to the 
red marie of Devonshire is the amygdaloid, which has been 
observed in various parts of its extent, but most conspicu- 
ously in the neighbourhood of Thorverton and Silverton. This 
rock was first noticed more than 20 years back, and not inaccu- 
rately described (if my memory serve me aright) by Dr. Maton, 
in his tour through the western countries. 

Its general aspect^ that of .a granular mass, somewhat 
loosely compacted, of a purplish-brown colour, more or less 
intense (given most probably by the oxide of manganese in 
which it abounds). In this paste are imbedded, or rather inter- 
mixed, ill such quantities as to form a very considerable part of 
the whole mass, minute portions of calcareous spar, mica, or 
chlorite, in a state of semi-disintegration, and indurated clay 
(lidiomarge ?), sometimes tinged by copper, and sometimes by 
manganese. This latter substance, as well as the calc ap^, 
frequently traverses the rock in small veins. The cells ol the 
amygdaloidal portions are filled or lined with brown oxide of 
manghnese, with calc spar and a coarse jftsper. The nodutes of 
the latter are ncd; remarkable either for theirsize or beauty*, pfe 
character of the rock is so obscured by this abundant -admixture 
of substances apparently adventitious as to render it very 
lUffiouit to pronounce with any certainty as to its eraential xon- 
stituents. These we should, T apprehend, in the present wMifie 
of our knowledge, assume to be granular or eartiiy felspm, and 
one or more of the following ; hornblende, au^te, brqnzite, oj 
hyperstene, probably thb sdcond of these. My specimens dp 
not afford distinct indicati<Mi8 of any of them. The more coo^ 
pact portions fuse before the blowpipe, soinetinies into blacR 


^ Dmm* 

glass more or less slagOT, sometimes into a dirty-white enamel 
more or less mixed with Uack patches. The oriterion,. there- 
fore, proposed by Cordier/liere tails ns.’*^ A portion of the rock 
broken into smw fragments, and exposed for an hour to the 
Jheat of a Black^s furnace, gave a black glass much TesembUng 
Ibat produced by Various forms of the dolerite under the same 
circumstances. 

The same* obscurity which is attachea to the mineralogical 
character of this rock seems to extend in some measure to its 
relations with the conglomerate in which it occurs. In some 
places it covers^ and in others is covered by sandstone. On the 
road from Killerton to Silverton, near a house occupied (in the 
year 1812) by Mrs. Brown, we saw it resting on the large 
grained conglomerate ; and at one of the Radden quarries, near 
Thorverton, covered by a sandstone bed of from three to ten 
feet in thickness. Its line of separation from the sandstone is 
sometimes tolerably distinct. In one quarry at Thorverton, a 
line of sandy clay, not quite a foot thick, prevents their actual 
contact. At other places, especially at the Radden Quarries, 
the two substances appear to pass so insensibly into each other 
as to induce for the moment a conjecture that botli were the 
result of a common deposition modified in its characters by the 
partial intrusion of some extraneous matter. This phenomenon 
has already been noticed by Mr. Greeno^^gh. What mineralo- 
gist/' he asks, can draw a line of demarcation between the 
xed marl and the loadstone at Heavitree.’’ (Essay, p. 215). Your 
geological readers have probably already anticipated that a vul- 
canist would at once decide that the whcle of the ainygdaloidal 
beds was a series of whyn-difkes ; while others will be disposed 
to regard them as concretions or depositions more nearly con- 
nected and contemporaneous witli tne strata which envelojMi 
them. The difficulty would probably vanish before a more accu- 
rate investigation of their character and position, which I beg 
to recommend to such mineralogists as may travel westward. 

It may be added that at the Hadden Quarries we noticed the 
occasional tendency of 'this rock to split into basaltiform balk ; 
and in one spot observed it traversed by nearly horizontal veins 
of its own substance differing slightly from the mass by their 

£ eater compactness, lind the largeness of the nodules which 
ey contained. The veins of extraneous matter wei’e mostly 
vertical, or at a very high angle. 


* 1 tm ocqufimted with the expenments of M. Cordier only thfough the tkotioe 
<if thfia&M. Bme’it Geolc^ie de r£c4^ 
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On the Atrif&rm Compouftds of Charcoal and Hydrogen; with 
an Aeconnt of some additional Experiments on the Gases from 
Oil and from Coal,. By William Henry, MD, FRS.^ 

• 

The experiments on the aeriform compounds of charcoal and 
hydrogen, described in the following pages, are supplementary 
to a Memoir on the same class of bodies, which the Royal 
Society did me the honour to insert in tlieir Transactions for 
1808, as well as to other papers on the same subject, which 
have been published in Mr, Nicholson’s Journal, and in the 
Memoirs of the Manchester Society. Of these essays, I beg 
leave to offer a very brief recapitulation, with the view merely of 
connecting them with what is to follow. 

In the first of these essays (Nicholson’s Journal, 8vo. June, 
1806), I detailed a series of experiments on the gases obtained 
by the destructive distillation of wood, peat, pi^coal, oil, wax, 
8ic. from which it appeared that the fitness of those gases for 
artificial illumination was greater, as they required for combus- 
tion a greater proportional volume of oxygen ; and that the 
gases generated from different inflammable bodies, or from the 
same inflammable substance under different circumstances, are 
not so many distinct species, which, under such a view of the 
subject, would be almost infinite in number, but are mixtures of 
a few well known gales, chiefly of carburetted hydrogen with 
variable proportions of olefiant, simple hydrogen, sulphuretted 
hydrogen, carbonic acid, carbonic oxide, and azotic gases ; and 
that the elastic fluids obtained from coal, oil, &.c. have probably, in 
addition to these, an inflammable vapour dififused through them 
when recent, which is not removed by passing them ^rough 
water, + In the same paper, I explained certain anomalies that 
appear in the experiments of the late Mr, Cruickshank, ol 
Woolwich, which are not at all charg’eable as errors upon that 
excellent chemist, and could only be elucidated by further invest 
tigation of the gases to which they relate. Of his labours it 
would be unjust, indeed, to speak in ftny terms but those of 
approbation, for they may fairly be considefed as the foundtUion 
of most that is now known respecting this species of- aeriform 
bodies. To Mr. Dalton, also, we are indebted for an accurate 
acquaintance with carburetted hydrogen gas, and ftw much 
information that is valuable in assisting us to judge of jtBe com- 
position of mixed combustible gases, by the phenomena and 
results of firing them wiUi oxygen .J 

» From the Pbiloflophkid TranuctioiMii 1821« 
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In the second Memoir (Philosophical Transactions, 1808), I 
described a series of experiments on the gases obtained from 
several different varieties M pit-coal, Imd from the same kind of 
coal under different cifcumstances. Various secies of that 
mineral were found to yield aeriform products, difering gi^atiy 
in specific gravity,* combustibility, and illuminating power ; the 
cannel coal of Wigan, in Lancashire, beivg best adapted to the 
purpose, and the stone-coal of South Wales the least so. In 
decomposing any one species of coal, the gaseous fluids were 
ascertained not to l)e of uniform quality throughout the process, 
bi|t to vary greatly at different stage’s ; the heavier and more 
combustible gases coming over first, and the lighter and less 
combustible afterwards. By subsequent experiments on the 
gases obtained from coal on the large scale of manufacture, it 
was found that a similar decline ih the value of the products 
takes place, but not to the same extent, owing, probabty, to the 
greater uniformity of temperature, which is attainable in large 
operations.* 

Op the practical conclusions, which it was the object of the 
last mentioned Essay to establish, I forbear to dwell, because 
they are unconnected with my present purpose, which is limited 
to the eliemical constitution of these compound gases, and to 
the methods of separating them accurately from each other* 
The view of their nature and compositi#n, which was taken in 
the first Essay, was opposed by those able philosophers, M* 
Berthollet, and Dr. Murray, of Edinburgh, who both contended 
for greater latitude as to the proportions in which hydrogen and 
charcoal are capable of uniting, and cojfl?idered these projMJiv 
tions indeed as subject to no limitation. The facts, however, 
which have since been multiplied in this, as well as in other 
departments of chemistry, tending to ])rove, that bodies eapabte 
of energetic combination unite in a few definite proportions 
only, leave little doubt that the same law holds good with 
respect to the compounds of hydrogen and charcoal. Not that 
it is meant that the known compounds of those elements are the 
only possible ones ; for others will probably be discovered which 
will still be found conformable to the general law, that mhen am 
body combines ivilh ajioiher in different proporkom, the greater 
prf^ortions are nialf iple% of the less by an entire mimber. 

A different view of the subject has lately been taken by the 
ingenious author of the Bakerian Lecture, published in the Phi^ 
iosophical Transactions for 1820. In that paper, Mr, Brande 
has en(|eavoured to prove that the gas called light carburetted 
hydrogen, or simply carburetted hydrogen, or hydrocarburet, is 
not entitled to be considered os a distinct species ; that the Cidf 
aeriform compound of charcoal and hydrogen, which is wim 
certainty known to exist, is the ga^ called olefiant, or bicarbu- 

• M«ff»chest«R Society** New Sme*, voU iii. 
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rutted hydl:og«n ; and that th« gases evolved by heat 
^SiToiLwe i* ftet nothing more than mixtures of olefiant and 

aitYinle hvdroeen gases in vanous prof ortions. 

IS assiminl. in the first Essay, the existence of light caili^ 
retted hydrogen as a definite compound, charactenxed b y ^ 
SSi J, for the complete combustion of each volume, tim 
^umeTof oxygen, and giving one volume of carbonic acid, I 
relied on the sole authority of Mr. Dalton ; for the gas irf 
marshes, though before known to be inflammable. Mad not b^a 
subiected to accurate examination by any other chemist. Mn 
Cruickshank, indeed, speaks of it as “ pure hydrocarbonate ; 
but since he cl?isses it in that respect with the gas obtained by 
the destructive distillation of camphor, from which it differs 
essentiSy fo composition, it is plain that he was not correctly 
acquainted with the properties of pure 

Previously to the second set of experiments, 1 satisfied myselt 
hv the careful analysis of a specimen of the gas from, stagnant 
tdmr for vlSichl das indebted to Mr. Dalton that it reafy h^ 
the properties which have been ascribed to it by him as charac- 
terisde^ and in 1807 I found precisely the same characters m 
Ihe firl’damp of coal-mines.t Dr. Thomson, also, from e^en- 
ments in 1811,i on the gas from stagnant water, ^ir Hum 
S odyl fmm the analysis of the fire-damp in 1815, drew the 
Lme coiidusions. It is nx the power, indeed, of eve^ chemist 
to investio-ate for himself the properties and composition of car- 
buretted hydrogen gas, since it may easily be procured m consi- 
derable quantity, by stirring the bottom of almost any s agn^ 
Dool especially if coflmoset of clay. During the last siimme^ 

? obtained it from a source of this kind, which afforded it m such 
abundance that several gallons might have been collected m a 
few minutes. This gas 1 submitted to repeated and most care- 
TeXS ion. It contained one-twentieth its volume of 
acd, but no sulpburcted 

oxygen effected in°a Volta’s eudiorheter m the usual 

Sed It was contaminated with l-15th vf "ie^“ 

gas Apart, however, from this, the pure poition in a great 

lumber of trials, required, as nearly as oan be {J ^on" 

riments of this sorl two volumes of oxygen 

and «'ave one volume of carbonic acid. Its 

taken on quantities procured at three sevei^ thil aUowfog 

from -582 to -686, the mean of which IS ^ 4 

for l-1.5th of azotic gas of specific gravi^ SaI IL i^notn- 
the specific gravity of pore folnd hr Dr. 

ber which coincides almost exactly with tha y 

4: Memoirs of the Weracnan Society , i, 506. ? 
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^oimon.'^ Since, ther^^ the «aiiie results have teen 
obtained from the examination of gases similarly coMeeted at 
distant times and pkcejf, there anpears to me no reason for 
•iefasing to consider eat^uretted hyarogen gas as a true chemical 
compound, characterized by perf ect uniformity of properties and 
composition. At the temperature of 60^ Fahrenheit, and under 
30 inches pressure, 100 cubical inches must weigh 16"95 grains, 
md be composed (taking the weight of 100 cubic inches of car* 
bonic acid at 46*5 grs. and the charcoal in 100 grs. of that acid 
at 27*3 grs.) of 


Orains. 

GiaiiiK. 

Grams. 

Charcoal .. 12*69 

.... 74-87 

.... 100-00 

Hydrogen. . 4*26 

.... 26-13 

.... 33-41 

16-9o 

100-00 

133-41 


And olefiant gas (giving twice its volume of carbonic acid by 
combustion, and weighing 29*64 grs, for 100 cubical inchest) 
must be constituted of 



Grains. 

Grains. 

Grains. 

Charcoal . . 

25-38 

.... 8.5-63 

.... 100-00 

Hydrogen. . 

4-26 

.... 14-37 

.... 16-71 


29-64 

100-00 

t 

116-71 


And as 16*7 is to 100, so very nearly is 1 to 6, which last 
number is the weight of the atom of charcoal, as deduced from 
the constitution of olefiant gas. It is tru», that this determina- 
tion a little exceeds that which is derived from the composition 
of carbonic acid (viz. 5*65), the atom of oxygen being taken at 
7*6. But if 8 be the true number for oxygen, which now seems 
to be most probable both from experiment and analogy, we shall 
then find an exact coincidence between the relative weight of the 
atom of charcoal, as deduced from olefiant gas, and as deter- 
mined from carbonic acid. Perhaps the true specific gravity of 
hydrogen gas, on which depend the relative weights of the atoms 
of hydrogen and oxygen, may be fully as correctly ascertained 
from the composition of carburetted hydrogen, as by direct 
attempts to weigh so light a fluid. Now, as the hydrogen in 100 
cubic inches of hydrocarburet weighs only 4*26 grs. and is equi- 
valent to 200 cubic inches of hydrogen gas, we have 2*13 grs. 
for the weight of 100 cubic inches of hydrogen gas, from which 
may be deduced ‘0698 for its specific gravity, that of air being 
1 . And if the specific gravity of oxygen gas be P 1 1 1, it will be 
found tfiat the two volumes of hydrogen required to saturate one 

♦ Annals of xvi. , 

i I adopt Uiia reault of Pr. Thotnaon ttom ita near coincidence with that of an expe- 
riment of my own, on the iftKsfic gravity of oleiam gee, puhliahed in the PhiL 
1808,p. 5e9X 
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volame of oxygen gas, have as nearly as posmole the wrlative 

^i^J^^Mwtdditional argument r ecessary to estabfoh^ 
existence of carburetted hydrogen as a^istmct species, it 
Serived from the action of water on that gas, which, b^i^s 
Wnr iSsorSle in a constant proportion, admits of bei^ 
Sled again by the application of heat, not otherwise changed 
SK in hS acquifed ^ small quantity of those gases whiA 
Z irfsen? in water, and of wkch it is Impossible to 

# 1 pnrive it even bv long continued boiling. . 

^'he nrocess by which carburetted hydrogen gas is evolved 
i„ iatuSrpemaL, i. no doubt the 
id .dmif of being capl.iu.d on the “““O 
ton bv supposing two atoms of charcoal to act at once on two 
Itoms of water. X)ne atom of charcoal attracts 
of livdrogen. forming carburetted hydrogen gas, and the other 
atom of fharcoal unites with two atoms ol oxygen, constituting 
carbonic acid. This is illustrated by the annexed 

fio-ure, in which two atoms of charcoal, C, C, are 
represented as interposed between two atoms ot 
water, each consisting of an atom of hydrogen and 
an atom of oxygen. Dividing the diagram verti- 
cally into three parts, we have the original substances ; and 
separating it horizont'^lly, we obtain the two new compounds. 
This theoretical view of the subject is conhrnied by the fact, 
that the carburetted hydrogen formed at the ^^.^^Srbv 

Dools is never accompanied by carbonic oxide, but mway y 
Lrbonic acid, the iwU quantity of which is prevented from 
appearino-, in consequence of the absorption of a great part 6t 
K^the mass of wlter, under which the changes are taking 

^**Bein<r provided with such an abundant supply of carburetted 
hydrogen! I availed myself of it to examine the mutual action of 
that gas and chlorine'on each other, principally with ^ view to 
ascertain how far reliance may be placed on the 
instrument in the analysis of mixed combustible ^ 

a pait of the subject that was first inve^igated, fhoiigh wi^ a 
different view, by Mr. Cruickshank.* He observed that a mix 
ture of chlorine with hydrogen, carburetted J* 

iiarbonic oxide in certein proportions, kept in a, ^^ttle entirely 
filled with the mixture, aud furnished with ^ 
did not exhibit any immediate action, but that m 2^ 
witbdfawiBg the stopper, the S 

filled most of the space originally occupied by 
he was not aware of the inBaence 

which was discovered about the same time by Gay-Luss^ct mmi 
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It d#eB not, however, appear lo have been a»eer- 
tained by either of them, whether the complete exdbfeion «f 
light prevents imf 4^ action of chlorine and carbnretted 
hydrogen on eacn oA I mixed, therefore, those two gasee 
ill difier^t nroportians in well, stopped vials, which were oom^ 
nletely filled with* the mixture, and covered by opa(|iie cases. 
When the stoppers were removed under water, at vanous inter- 
vak after the mixture, from a few minutes to 39 days, no dimi- 
nution whatfever of volume was found to have taken place ; and 
after having removed the chlorine by liquid potash, the carbu- 
retted hydrogen gas gave the usual products of carbonic acid, 
and consumed the usual proportion of oxygen. Mixtures also 
of hydrogen and chlorine, and of carburetted hydrogen and 
chlorine, standing over water in graduated tubes, which were 
shaded by opaque covers, sustained no loss of bulk, except what 
arose from the absorption of chlorine by the water, the combiis 
tible gas remaining wholly unaltered. It may be considered, 
therefore, as quite essential to the mutual agency of these gases, 
that they should be subjected to the induence of light. But it 
is n(?t necessary that the direct rays of the sun should fall on 
the mixture, the light of a dull and cloudy day being fully ade- 
quate to the effect. On a day of this sort, 1 filled several stop- 
pered vials, graduated into hundredths of a cubic inch, with a 
mixture of 30 volumes of carburetted hydrogen with from 80 to 
90 of chlorine, and uncovering them all at the same moment, 
exposed them to the feeble which wiis then abroad. By 
exposure of one of the vials during half a minute, no diminution 
of volume w^as found to have been effecteclr^ another vial, opened 
under water^ when one minute had elapsed, showed an absorp- 
tion of five parts ; a third in two minutes had lost 15 parts ; a 
fourth in four minutes 25 jwts ; and, a fifth, opened in five 
minutes, contained only 50 volumes out of the original 110. 

The products, resulting from tlie contact of carburetted hydro- 
gen and chlorine, under circumstances favourable to their mutual 
action, have been described by Mr. Cruickshank, with whose 
experience on this point fny owm entirely agrees. When rather 
more than four volumes of chlorine are kept in mixture with one 
volume of gas from stagnant water, the products are muriatic 
acid gas, and a volume of carbonic acid equivalent to that 
the pure carburetted hydrogen ; and this, whether the mixture 
be exposed to direct or indirect solar light ; the only difierenee 
being that the less intense the li^ht, the more slowly is the 
efect produced. When less than tour volumes of chlorine are 
employe^, the residue consists of muriatic and carbonie acidiy 
caipoiiip oxide, and undecomposed carbutretted hydrogen^ tli4 
pi^ortions of tbe two last increasing as, within certain limiln, 
we reduce the relative quantity of chlorine. These changes 
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were asoerfeaiaed, boOi by Dr. Davy and the late Dr. 
to depend on the presence of moisture, wkch is unavoWa^ 
introc^ced in the common mode of operating ; for wiren «« 
nases first perfectly dried, wete mixed m an exhausted ^aw 
lessei. and exposed even to the direct rays of the sun, no muti^ 
action wasfound to ensue. In the theory of these changes thpei*, 
it must be confessed, a little uncertainty. Does the chlonne, it 
mav be asked, act simultaneously on the hy^ogen of water, and 
on that of the combustible gas ; or does it decompose water 
only '* The former view of the subject appears to me most pro- 
bable, because, if the chlorine acted on water only, free hydro- 
lln would be evolved from that portion of the hydrocaiW 
which abandons its charcoal to the oxygen of the water; wfoch 
is not consistent with experience. When it is required to. W 
carbonic acid, four volumes of chlonne must be used for the 
decomposition of each volume of carburetted hydrogen. I^n this 
case two atoms of chlorine unite with the two atoms of hydro*^ 
een existing in the combustible gas, and two other atoms of 
fhlorine will the two atoms of hydrogen from the water, ^t 
to convert carburetted hydrogen into carbonic oxide, three 
atoms of chlorine are sufficient, two of which are employed, ^ 
in the first case, and the third is expended in saturating the 
hydrogen of one atom of water, which supplies to the charcoid 
an atom of oxygen for .the formation of carbomc oxide . Oscu- 
lating in the same manner, we shall find, also, tiiat three atoM 
of chlorine are adequate to convert one atom of carbomc oxide 

into carbonic acid. , rr. • ..i. 4 . 

The facts which hftve been stated sufficiently prove, that chlo- 
rine cannot be employed as a means of correctly analym^ 
mixtures of olefiant gas, either with hydrogen or with carburet- 
ted hvdroffen, if light be admitted, even though of feeble mten- 
sitv, ind for the short interval during which such an experiment 
may be expected to continue ; and they explain that ^»cer- 
tainty as to the results of analyses of mix^ gases made m Am 
way,^which was first remarked by Mr. Faraday,t and sub^ 
quently by myself.J Chlorine becomes, howeye^ a most useM 
agent in separating olefiant gas from such mixtures, provided 
light be entirely excluded during its o^ratam, as I h^e tound 
b? subiectiog to its action mixtures of those gases wiA kimwn 
pTOportions of olefiant gas. In these analytical expenmeiAi, 1 
admitted into a graduated tube standing over water, a volume^ 
chlorine exceeding by about one half what wm ^ 

sufficient, and noted its bulk when actually m Ae tube, wbiA 
was immediate shaded by an opaque cover. ,4 
quantity of Ae mixture was then pas^ 
minutoa outef cov«p was caubowdy hfted, tffl the stew^s® ®* 

• Nichabiw!* Jovml, xxv^ 148, «»d80i. 

+ JouimI of 3d«nce, Ac. n. 358. 

i Moadielter 
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the water appeared. The diminution of volume thus ascer- 
tained, divided by 2, was found to give pretty correctly the 
«|nantity of olefiant gas toown to be contained in the mixture. 
Bm the grmitest precision w'as attained by waiting 16 or 20 
minutes, and then quickly washing the remaining gas with 
dilate scdotion of potash, in order to remove the excess of chlo- 
rine. From the volume of the residuary gas, it was necessary 
to deduct the amount of impurity previously ascertained to exist 
in the chlorme; and the remainder, taken from the volume of 
mixed gases which had been operated on, showed how much 
olefiant gas had been condensed by the chlorine. When very 
narrow tubes were employed, and the column of gases mixed 
with chlorine was of considerable length, a longer continuance 
of the experiment was found necessaiy, and the gases were 
suffered to remain in contact during an hour or more. In this 
way it was ascertained, that olefiant gas may be accurately 
separated by chlorine from hydrogen, carburetted hydrogen, or 
carbonic oxide gases, or from mixtures of two or more of those 
gases, which are left quite unchanged in volume and in chemical 
properties, when light has been carefully excluded from the 
mixture. 

This property of chlorine is the foundation of afresh analysis, 
to which 1 have thought it expedient to submit the gases from 
coal and oil, in order to decide what aeriform fluids remain after 
the separation of that portion which is condensible by chlorine ; 

whether the residue consists, as I have heretofore maintained, 

of carburetted hydrogen chiefly, with variable proportions of 
hvdro<ren and caVbonic oxide ; or whetkfer, according to the 
new vfew of the subject, it consists of hydrogen gas only. 

In the experiments made for this purpose, 1 operated gene- 
rally on from 60 to 80 cubic inches of oil gas or coal gas, assay- 
ing a small specimen first, as a guide to the quantity of chlorine 
which it would be necessary to employ. The volume of chlorine 
thus found to be requisite, and about half as much more, was 
passed into an air receiver standing over water, and completely 
shaded by an opaque cov5r which was fitted over it. The oil or 
coal gas was then added by degrees, if much condensation was 
expected, because in that case a considerable increase of tein- 
Mrature would have been produced by the sudden admixture of 
large quantities ; or at once, if only a moderate action had been 
indicated by the previous assay. The mixture was allowed to 
stand, completely guarded from the light, during 30 or 40 
minutes, or even longer, and the residue was expeditiously 
washed *witii liquid potash, and a small portion agajn assayed, 
to ascertain that the action of the chlorine was complete. The 
specific gravity of the washed gas was then carefully taken, that 
of the entire gas having been previously determined : and the 
results of its combustion with oxygen examined, and compared 
with those of the gas in its original state. 
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Hxperitnmts on the Ga€ from Oil, , 

lu obtaining this e^.8 at diflerent times, I used the same Mad 
of whale oil, which bad been heated i^httle below its boilhig 
point during two hours, in order to deprive it of water. The oi 
was admitted by drops into an ignited iron tube filled with frag„ 
ments of broken crucibles, and no difference, that I am aware 
of existed in the circulnstances under which the decomposition 
was effected, except that the degree of heat was purposely 
lowered in the latter processes, till that temperature was 
attained, which was barely adequate to the production of gas. 
The oil gas procured from London, I obtained through the kind- 
ness of Mr. Richard Phillips. It had been prepared from cod 
oil, at the manufactory of Messrs. John and Philip Taylor, and 
having been conveyed to Manchester in bottles accurately stop 
pered and tied over witli a double fold of bladder, it was found 
not to have acquired any admixture with atmospheric air. The 
results are contained in the following table, in which the expres- 
sion entire is applied to the gas precisely as it came over, 
except that the carbonic acid had been removed by liquid pot- 
ash, applied in the smallest quantity and with the least agitation 
that w'ere adequate to the efiect. 

Table I. — Containing the Results of Experiments on the Gas 
ohtahied from Whale Oil. 


Entire gas. j Kesidue left by chlorine. 


i i 


% 

1(K) vols. I 

! 

100 

vols. 

No. of Ex- g : 

penment. * 

100 

voE. lose 

take 

give 1 

1 

.Spec. Gray.' 

1 

take 1 

j give 

1 i>y 

chlorine. 

oxyg. 

carb. ac. j 

oxyg. j 

carb. ac. 

1 *404 

1 

6 

116 

61 

1 -4107 ; 

94 

46 

1 *590 

I 

10 

17^ 

1(K) 

*4400 i 

108 

58 

1 *758 



220 

1.80 

*6160 ' 

145 

85 

4 (Ixmdon) ‘906 


88 

260 

158 

1 -6060 

152 

91 


From the foregoing table it appears^, that the gas obtained 
at different times from oil of the same quality is far from being 
of uniform composition, and that great differences, as to its 
specific gravity and chemical properties, •are occasioned by the 
temperature at which it is produced. So far as my experience 
goes, no temperature short of ignition is sufficient for the decom- 
position of oil into permanent combustible gases ; but the lower 
the heat that is enqdoyed, provided it be adequate to the effect, 
the heavier and more combustible is the gas, and the* better 
suited to artificial illumination. 

From the experiments which I published in 1805, and which 
were made on a single speciaien ot oil gas, I was led to consider 
it as constituted of one volume of olefiant gas with seven 
volumes of mixed gases, of which the greatest part w^as carbu- 
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retted hydrogea. Mr. Daltoa lias since favoured me with a 
specimen of oil gas prepared by himself, which contained in 100 
partB, 40 of a gas cOndepsible by chlorine; and it appears from 
the table that oil gas/manufactured on the large scale, may 
contain in 100 parts, 38 parts of a gas similarly characterized.^ 
It k not improbable indeed that by a temperature carefully 
legislated, the whole of the aeriform fluids may be obtained from 
OUf auch quality as to be entirely c6ndensible by chlorine ; 
and from the great superiority of the light which such a gas 
would afibrd, and the reduction that might be efi’ected in the 
capacity of the gasometers, the discovery of a mode of produc- 
ing it in this state, would be an important practical improve- 


ment* 

The inferences respecting the nature of the gas from oil, I 
mserve till after the account of the experiments on coal gas, as 
the same remarks, with some slight modifications, will apply to 
both cases. 

Eoc'periments o?i the Gas from Coal. 


The numerous experiments and observations on the gas from 
coal, which I have already published, appear to me to preclude 
the necessity of going much into the subject on this occasion. 
What I have lately had in view, has been to render the analysis 
of this gas more complete, by a careful examination of that por- 
tion of it which remains after the acticfa of chlorine. The gas, 
submitted to these recent experiments, was prepared from Wigan 
camiel, at the manufactory of Messrs. Philips and Lee. It was 
collected from an opening in a pipe beti^een the retort and the 
tar-pit, generally about an hour after the commencement of the 
distillation, except in the instance of the gas No. 4, which was 
taken five hours, and No. 6, which was taken 10 hours from 
that period. Before using it, the carbonic acid and sulphuretted 
hydrogen, which were always present in the early products, 
were separated by careful ablution with liquid potash. As the 
gas No. 5, was not at all diminished by chlorine, it was 
obviously unnecessary te examine it in any but its entire state. 


• Since tills paper was written, I have received from Mr. Phillips a second spedmen 
of oil gas prepared by Messrs. Taylor. It contains in every 100 volumes, 42 
parts of gas condensible by chlorme; hut in other respeete very nearly agre^ (making 
allowance for the greater proportion of that ingredient) with the ^ deecnbed i|t the 
text. 


% 
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Table II. — Containing the Results of Experiments on the Gm 
obtainedfrom Coal. 


Entire Gas. 

GUs left by Clilorine. 


1 

1 100 vols^. 1 



1 100 voLs. 

Experimtsnt. 

1 

Sp. Orav. 

Take* j 

Give car. 

IjOSs by 

Sp. Grav.; 

Take 

Give car* 

oxyg. 1 

acid. 

chlorine. 

1 ostyg. 

acid. 

1 

2 

•650 1 

sn 

128 j 

13 

•575 ! 

178 

92 

•6W 

194 

106 i 

12 

•527 j 

160 

82 

3 

•630 

196 

108 

12 

•535 ' 

148 

80 ^ 

4 

•500 

1 166 

93 

7 

•450 

140 

75 

5 

•345 

' 78 

30 

0 





Inferences respecting the Composition of that Pari of the Gases 
from Coal and from Oil, which is not condensible by the Action 
of Chlorine. 

The analytical experiments, which I have described on the 
action of chlorine on artificial mixtures of olefiant with hydrcffen 
and carburetted hydrogen gases, afford no room for doubt that 
bv that agent the quantity of olefiant gas in any mixture of these 
eases may be accurately determined. We are not, hovyever, 
acquainted with any chemical agent, either liquid or aenform 
which, from a mixture bf hydrogen, carburetted hydiogen, and 
carbonic oxide, is capable of separating one of those gases, 
leaving the others in their original state and quantity. I he 
only method at present, known of determining the composition 
of such a mixture is by firing it with oxygen gas, and, from the 
phenomena and results of the process, deducing the nroportion 
of its int^redients. In drawing conclusions of this kind, it is 
n< cessary to have distinctly in view the properties of those 
cases in their separate state. The following Table contains an 
abstract of their leading characters, which will be found very 
useful in such investigations. Though not strictly iiecessary , I 
have included olefiant gas, in order to« render the Table more 
complete. 

Table III . — Exhibiting the characteristic^Properties oj different 
combustible Gases. 


Names of gaaes. 

Sp. Or. 
Air 1000. 

100 vols. re- 
quire oxygen. 

Total. 

[Diminished by 
bring. 

Carb. add 
produced. 

Olehant gaa 

Carburetted hydrogen 

Hydrogen gas 

Carbonic oxide 

*970 

•556 

-069 

•972 

.300 

200 

50 

50 

400 

SOO 

150 

150 

800=4 

800=il 

150=^ 

50=4 

200 

100 

0 

100 


• I have not found that cUonne can be employed with any success in malynng wch 
mixtures ; for when placed in contact with two or more of those gases, and exposea to 
U^ht, it dooi not act upon one exclu»ivdy<» but upon all that compoiiie tne mixture* 

New Series, vOl, n. n 
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A* an illustration of the method of investigating the propor- 
tions of mixtures of the three last gases, we may take the 
instance of a mixed gasyfree from olefiant gas, of specific gra- 
vity *534, of which 10(r v'olumes consume 111) of oxygen, and 
afford 70 of carbonic acid, the diminution of the wdiole 210 after 
firing being 140 volumes. Now it must be obvious from inspec- 
tion of the Table, that the 70 parts of carbonic acid cannot all 
have resulted from the combustion of carburetted hydrogen, 
aince, for the saturation of 70 measures of that gas, 140 of oxy- 
gen would have been required, whereas only 110 have been 
expended. We may, therefore, safely infer the presence of car- 
bonic oxide, a gas which, by combustion, gives its owm volume of 
carbonic acid, with the expenditure of only half its volume of 
oxygen. The specific gravity of the specimen being lower than 
that of carburetted hydrogen, indicates also an admixture of 
simple hydrogen gas ; and of this the proportion must necessa- 
rily be coneiderable, to countervail the weight of the heavy 
cai'bonic oxide. The following proportions of the three gases 
will be found to coincide with the properties of the mixture. 


Consume ox. Give catb. ac. 

40 vols. of carb. hydrogen ... 80 40 . . 

30 Tola. of carb. oxide 15 30 . . 

30 toIb. of hydrogen gas! 15 0 .. 

IW HO 70 


Dim. by 
tiring. 

. 80 
• 15 
. 45 

140 


No reliance, however, can be placed on the accuracy of such 
estimates, unless the specific gravity of the specimen agrees 
with that of the hypothetical mixture, as deduced from the 
proportion of its ingredients. But w hen this coincidence takes 
place, we have all the evidence, which tlie subject at present 
admits, of the nature of the mixture ; and as this agreement 
between experiment and calculation was found to take place 
very nearly m all the instances comprehended in the two fol- 
lowing Tames, we may consider the numbers composing them, 
as expressing, with sufllcient exactness, the relative proportiou 
of different gases in ijie residues of oil and coal gas left by the 
action of chlorine. 


Table IV. — Shoiviitg the Composition o/ 100 Votiimesofthe Gas 
remtiining after the Action of Chlorine on Oil Gas, 


Kxp«'. 

1 . 

2 . 

3 . 

4 . 


ArSIOtC. 

Carb. hydr. 

Carb. oxide. 

Hydr. g«i. 

Total. 

7 

. . . 30 . . 

.... 15 .... 

, . . 48 . . . , 

.. 100 

5 

. . . 40 . . 

, , • 15 . . • , 

, 40 

. . 100 


. . . 65 . . 

•... 20 .... 

. . 10 . * . . 

. . 100 

% • • • 

. . . 7.5 . . 

.... 15 

... 5 .... 

.. 100 


miJi 
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Table. V.- 

— Showing 

the Composition of 100 Volumes 

qJ the 

remaining after 

the Action 

of Chlorine on Coal 

Gas. 

Exper. 

Azote. 

Cub. hydr. 

C»rb. oxide. 

Hydr. get. 

Total. 

1 .. 

. 1-5... 

. 94-5 . 

.. 4 .. 

. , 0 . . . 

. 100 

2 .. 

. 6 

. 8-2 . 

. . 2 . . 

.. 10 ... 

. 100 

3 .. 

2 ... 

.* 66 

.. 14 .. 

.. 18 ... 

. 100 

4 .. 

.' 5 ! . . 

. 60 . 

.. 12 .. 

.. 23 

. 100 

5 .. 

. 10 . . . 

. 20 . 

. . 10 .. 

..60 ... 

. 100 


It appears from the two foregoing Tables, that the portion of 
oil ^as and coal ^as, which is not condensible by chlorine, is 
in every case a mixed g:as, consisting in most instances of car- 
buret ted hydrogen, carbonic oxide, and hydrogen, with a little 
azote, part of whicli may be traced to the impurity of the chlo- 

S rine. In the best specimens of oil gas, the carbonic oxide is in 
greater proportion tlian in the best kinds of gas from coal, and 
The carburetted hydrogen is most abundant in the latter gas. 
This, however, is more than compensated, so far as their illumi- 
nating power is coiicerned, by the greater richness of the aeriform 
prodimts of oil in that denser species of gas, which is separable 
by chlorine. The proportion of hydrogen, both in oil gas and 
coal gas, appears to increase as they are formed at a higher 
temperdture, and is alwj^ys greatest in the latter portions of the 
o'as Irom coal. But no instance has ever occurred to me of a 
gas obtained from oil or from coal, which, after the action of 
clilorine upon it with the exclusion of light, presented a resi- 
duum at all approaclAig to simple hydrogen gas; nor do I 
believe that such a gas can be generated under any circum- 
stances of temperature, by which the decomposition of coal or 
of oil is capaliie of being effected. 

Inferences respecting the Composhion of that Part of the Gas 
from Coal and 0/7, which is condensed by Contact vnth 
Chlorine. 

% 

When a given volume of a mixture of olefiant and carburetted 
hydrogen gases is tired with oxygen, and an ecjual volume of 
the same mixture is first deprivea of olefiant gas by the action 
of chlorine, and then fired with oxygen, it must necessarily 
happen that the excess of oxygen spent in the first combustion, 
above that consumed in the second, will be three times the 
volume of the olefiant gas, and that the excess of carbonic acid 
formed in the first experiment above that geiun'ated in the 
second, will be double the volume of the olefiant gas. A 
remarkable anomaly, however, was, during the last summer, 
observed by Mr. Dalton in the results of the combustion of a 
quantity of gas, which he had himself prepared from oil. One 
volume was found to consume three volumes of oxygen, and* to 
yield little short of two volumes of carbonic acid, in those 

IS 2 
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respects agreeing nearly with oleiiant gas; but when mingled 
witii more than the requisite proportion of clilorine, it was not, 
as olefiant gas would Imve been, entirely condensed, but sui- 
fered a diminution of only four-tenths of its bulk, the remaining 
six-tenths, after being freed from the redundant chlorine, agree- 
ing in its properties with carburetted hydrogen. For example, 

10 volumes of this gas (containing four, of gas condensible by 
chlorine and 6 of carburetted hydrogen) consumed 30 volumes 
of oxygen, and gave 18 of carl)onic acid. Hut of the? oxygen, 
12 volumes are due to the 0 of carburetted hydrogen, leaving 
18 volumes for the combustion of the tour v olunies of gas con- 
densible by chlorine, which is in the pro])ortion of 4,} to 1. Of 
tlie 18 volumes of carbonic acid, also, t) may be traced to the 
combustion of the carburetted hydrogen, leaving 12 volumes as 
the product of lour of the condensible gas, or in the proport ion 
of 3 to 1. The portion of gas, condensed l)y tlie action oi chlo- 
rine, presents, therefore, decided dilierences from olefiant, gas,, 
in requiring not three only, but 4— v olumes of oxy gen loi com- 
bustion, and in affording 3, instead of 2 volimu s of carbonic 
acid, ishnirly the same relation ()f tlie <)xygen consumed, and 
carbonic acid produced, to tliat part of the guises from coal and 

011 W'hich is condensible by chlorine, existed also not only in 
other experiments of Mr. Dalton, but in ail tliose vvliich 1 have 
myself made. The proportions 1 havo f^iund to l ary in difiereiit 
cases from 44- to 6 volumes of oxygen, ;uid from 2 ‘ to 3 \olumes 
of carbonic acid for each volume oi the condensible gas. 

On comparing also the specific gravity oi tlu^ gases Ironi (‘oal 
and oil, as ascertained by experiment, \fith that which ought to 
result from mixtures of the residue left l>y elilorine, witli such a 
proportion of olefiant gas as is deducible from analysis, 1 Irav'C 
invariably found that tlie real specific gravity has considerably 
exceeded" the estimated. bor*instance, tlie London oil gas was 
composed of 38 volumes of a gas condensible by ('liloiine, and 
62 va.)lunies of mixed gases not chaiacten/e<l iiy tliat proju rty, 
and having the specific gravity diOCi. But 63 volumes of gas, 
of specific gravity ‘606, mixed with 38 volumes of olefiant gas, 
of specific gravaty *970, sliould give a mixture of the s|>ecific 
gravity *75-C mstead of *906, whidi was tlie actual specific gra- 
vity of the entire oifgas. It will be found on calculation that 
the 38 vnvlumes of gas, in order to make up the real specific 
gravity of the oil gas, must have had the snecific gravity of 1*4 
very nearly. This is the highest number tiiat is deducible from 
my experiments for the specific gravity of that portion of oil gas 
or coal gas, which is condensed by the action of chlorine. In 
other instances, it varied from that number down to 1*2, but in 
every case its weight surpassed that of common air. 

It i^ evident from these facts that the aeriform ingredient of 
orf gas and coal gas, which is reducible to a liquid form by 
chlorine, it not identical with the olefiant gas obtained by the 
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action of Hulphuric acid on alcohol, but considerably exceed*^ 
that ^as in specific gravity and combustibility. Two views may 
be taken of its nature ; for it may (iitlier be a gas sui generic, 
hitherto unknown, and constituted of hydrogen and charcoal in 
different proportions from those composing any known com- 
pound of tliose eh menls;— or it may be merely tlie vapour of a 
highly volatile oil, mingled in various proportions with olefiant 
gas, carburetted liydrogeu, and the other combustible gases. 
Of these two opinions, Mr. Dalton is inclined to the first, con- 
Hidering it as supported liy the hu*! that oil gas, or coal gas, 
may be passed tlirougli water, without being deprived of the 
ingredient in question ; and t hat tins anomalous elastic fluid is 
absorbed by agitation with water, and again expelled by heater 
other gases, unchanged as to its chemical properties, as we have 
botli satisfied ourselves by repeated experiments. On the other 
hand, J have found that hydrogen gas, by remaining several 
(lays in narrow tub(‘s in c'ontact with tlind naphtha, acqunes the 
jncqau’ty of being atiected by chlorine |)recisely as if it were 
mixed with a small j)ropnrtion of olefiant gas; and I am informed 
])y Dr., Mope, that oil gas, when foreilily eomjiressed iiiGordun’s 
portable gas laiiq), deposits a portion ot a liighly volatile essen- 
tial oil. ^Tlie suudl also of the bupiid whi('h is condensed on the 
jnn(!r surface of a gliiss receiver, in which oil gas or coal gas 
has ]>een mixed w itli cL,i.. rnug denotes the presence of chloric 
ether, evidentlv however mingled with the odour of some other 
thiid,' which seeans to me to liear most n'semblance to that of 
spirit of turpentim*. Tiiis part of tlie subject is well worthy ol 
Inrllier investigation ;'iDnt liaviiig devoted to the inquiry all the 
l(‘i.sure which fam now able to command, 1 must remain satis- 
tied at present with siicli conclusions as are safely deducible 
f rom tlie ior(:gonig nive>-tigatu>ii. 1 hese may be briefly recapi- 
1 1 slated as follows : , -j j 

1. lliat carburetted liydrogen gas must still be considered^ 
as a distinct spt'cies, requiring for the perfect combustion of 
each volume tw o vulinm‘s ol oxygen, and affording one volume 
of carbonic acid; agd that it olefiant gas he considered as con- 
stituted of one atom of charcoal united with one atom of hydror 
gen, carbiirt'tted hydrogen must consist of one atom ot charcoal 
in combination with two atoms of hydrogfjn. 

2. That there is a marked distinction between the action of 
chlorine on olefiant gas (\vhicli, in certain proportions, is entirely 
independent of the presem-e of light, and is attended with the 
s|>eedy condensation of the two gases into chloric ether), and 
its relation to liydrogen, carburetted hydrogen, and carbonic 
oxide gases, on all which it is inefficient, provided light be per- 
fectly excluded from the mixture. 

3. That since chlorine, under these circumstances, condenses 
olefiant gas without acting on the other three gases, it may be 
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employed in the correct separation of the former from one or 
more of the three latter. 

4. That the gases evolved by heat from coal and from oil, 
though extremely unceviain as to the proportions of their ingre- 
dients, consist essentially of carburetted hydrogen, with variable 
proportions of hydrogen and carbonic oxide : and that tliey owe, 
moreover, much of their illuminating power to an elastic fluid, 
which resembles olefiant gas in the proj:)erty of being speedily 
condensed by chlorine. 

5. That the portion of oil gas and coal gas, which chlorine 
thus converts into a liquid form, does not precisely agree with 
olefiant gas in its other properties ; but requires, for the combus- 
tion of each volume, nearly two volumes of oxygen more than 
are sufficient for saturating one volume of olefiant gas, and 
affords one additional volume of carbonic acid. It is prohably, 
therefore, either a mixture of olefiant gas with a lieavier and 
more combustible gas or vapour, or a new gas s/// ge/zcres, con- 
sisting of hydrogen and charcoal, in proportions that remain to 
be determined. 

M'^anihcstcr^ JatL 1821 . 
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On the Prod act 10)1 of Coloins hi/ Mcchcnncal Divif^ion. 

By Mr.J. P. Clmiltou. 

(To the Editor of the Annals -j' Phi losoph//.) 

SIR, 

In the course of some experinu nis upon enamel colours, I 
have been led to observe a fiict which you may, perliaps, think 
worth insertion in your Annah, as it is contrary to the state- 
ments of approved chemical works, and as it must, I think, be 
considered a remarkable instance of a complete change of colour 

f reduced merely by mechanical comminution : the fact to wliich 
allude is, that oxygenation is not essential to the ruse colour 
which gold imparts tQ enamels. 

It has long been known that silver has the property of staining 
glass an opaque blue or green, when viewed by reflected light, 
which becomes a fine transparent orange colour, when viewed 
by transmitted light, a property generally attributed to the oxide, 
but which I have found to belong equally to metallic silver, 
which, when fired alone in contact with glass, is quite as effect 
tual as all the other preparations of it. From the above and some 
other circumstances, 1 was led t^i suspect that the case might 
be the same with respect to gold. According, I ground toge- 

1 
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ther one part of metaUie gold with 20 pait» of common enamel- 
lets’ flux, and obtained a rose-coloured enamel without the 
slightest metallic appearance. The gold was easily ground as it 
was in that friable state, to which it is reduced by some process 
with which 1 am unacquainted, and now commonly sold by the 
refiners. As the above experiment shows that metallic gold is 
capable of imparting a rose colour, it is natural to conclude that 
in all other cases, the colour is in reality owing, not to the 
oxide, as usually stated, but to metallic gold in a state of minute 
subdivision. 

The above result inclined me to form the same inference, with 
respect to the enamel colours which may be obtained from 
platina, and to suspect that the beautiful black * described by 
Mr. Cooper in the Journal of the Royal Institution, No. V.is, in 
fact, owing to minutely divided platina in the metallic state. 1, 
therefore, mixed three parts of flux with one part of the deep 
black powder, described in the same paper, as a hydrate of pla- 
tina, in the hopes of producing the same rich black colour, but I 
obtained only an enamel of a dark grey colour much like plum- 
bago. This result was certainly contrary^ to ray expectation,jand 
would lead to the conclusion that oxygenation of the platina is 
necessary to produce a fine black, but I do not think the expe- 
riment decisive, and hope that further trials will enable me to 
speak with more certainty. I am, Sir, 

Y?)ur most obedient servant, 

J. P. Chakltok. 


Article IV. 

On the Lacerta Gigantea of the Ancient World, 

By S. T. Von Sdmmering.t (With a Plate.) 

[This paper w as recommended to th^ Editor’s notice, and lent 
to him for translation, by his friend Mr, Parkinson, author of the 

Organic Remains,”] 

Bay A HI A, a country which possesses such a number of the 
finest remains of a former world, is now able to show also those 
of that wonderful monster, of which hitherto no traces have been 
discovered, except in the environs of Maestricht and Vicenza, 
the same animal concerning which, in 1812, Cuvier:}: said, *^La 

* The same black enamel may be obtained by boiling insoluble muriate with caustie 
potash, 

+ Read June 25, 1816, at the Royal Academy of Sciences. 

$ Recherches stlil|Bs pssemens Fossiles de Quadrupcdcs, tom, iv. Paiis, 1812, 
Pref. p. 5. See aJs^roy ireatisc on the Crocudilufi Priscus, or the Gavial of Antiquity, 
in the Memoirs of the Royal AeUkdemy of Sciences, Sect. 21 and 2?. 
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determination precise du fameux animal de Maestricht nou« 
paroit surtoiit aussi remarquable pour la th^orie des loix zoolo- 
giques que pour Thistoire du globe.’’ 

Hoping that this novel fact, with which we have become 
acquainted by means of the contents of the present stone blocks, 
the most incontrovertible documents from the archives of a former 
world, will prove not unworthy the attention of the Royal Aca- 
demy of Sciences, I have the honour of submitting to its notice 
the specimens themselves, and likewise drawings of them on the 
same scale as the originals. And I have been the more encou- 
raged to give this accompaniment to my Treatise on theCrocodilus 
Priscus, by the flattering approbation which my colleagues 
bestowed on that essay. For the specimens themselves, I am 
indebted to the politeness and liberality of Count J. Ad. Reisach. 

As far as 1 have been able to ascertain, they were discovered 
in one of the Bohn Ore (Bohnerz) mines of the Meulenhard, near 
Deiting, in the district of Manheim, the same in which the Cro- 
codilus Priscus was found. Their bed was about 10 feet below 
the surface ; consequently more than double the depth ol’that of 
the latter animal. 

It is exceedingly to be regretted that the blocks of stone con- 
taining these, and probably separated from each other many 
centuries ago, were not only broken into several |)ieces of ditfer- 
ent bulk, but that many of them were completely destroyed ; 
for, when by a portion of the stone accidentally breaking ofl’and 
exposing some of the teeth, the discovery was first made, it was 
too late to recover from out of the mass the five or six other 
pieces belonging to it, and already thrown^nway. 

Actual inspection convinces us, however, that all these bones 
must have belonged to the skeleton of the same individual, since 
the greater part of the stone>s fitted to eacli otlier, and the bones 
adhering to them corresponded both as to conhguration and pro- 
portion. 

As the examination of fossil bones had always been one of my 
favourite pursuits, I did not rest until 1 had caused the stone to 
be removed from these fragments, as far as it was possible to do 
so without injuring the bones themselves, and thus reduced them 
to that intelligible state in which they now appear. 

Owing to the softness of the marly mass m which they were 
incorporated, not so hard as chalk, this was effected with incom- 
parably less labour, and risk of injury, than attended the disco- 
very of the crocodile found in the same district, but not at the 
same distance from the surface of the earth. For whereas the 
substaqce, in which the latter was buried, required to be removed 
by the chissel and hammer, that encrusting these fragments was 
so tender that it could be scraped away with a knife. It was 
only the portions of the pea iron ore (eisenbohnerz) adhering in 
some places very strongly to the bones, that reqftred great pains 
and extreme caution to separate them; and after all it was 
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necessary to leave them remaining in some parts where it would 
have been impossible to detach them without inevitable injury to 
the bone. Wherever such a lump of iron ore had adhered, 
there afterwards remained a dark, rusty-coloured mark. I found 
no appearance of there having been any similar lumps in the 
block containing the skeleton of the crocodile. 

This soft chalky marl, in consequence of a mixture of lighter 
or darker iron ochre, ctf a yellowish white hue, is besides foliated 
in the manner of slate, and exceedingly easy to break. Here 
and there may be discerned, in addition to the lumps of iron ore, 
pieces of greyish quartz. Everywhere too might be discerned 
fine scales of not more than one line in their greater diameter, 
that must have belonged either to hsh, or, perha])s, to the animal 
itself. Similar scales are to be found in great abundance in the 
chalky marly slate of the INIeulenhard — a circumstance, which I 
have ascertained by examination on the very spot. Besides 
these, there is in one place the entire impression of a fiat, radiated 
ammonite, between three and four inches large, and the greyish 
blue remains of a shell. 

The bones themselves, which are, correctly speaking, rather 
calcined than petrified, have a general resemblance in colour and 
consistence to those of the crocodilus priscus ; and are plainly 
enough distinguishable as well by their darker hue (either a reef- 
dish-grey, or reddisli-browii), and by their closer, firmer, and 
harder texture (uotwitlfttandincg their friability), from the marly 
mass, which is of a lighter colour, and more soft. Not only the 
bones of the head, but still more those of the pelvis and tire 
thighs, are dyed of^a dark brown by the iron ore, which 
had adhered to them. The enamel of the teeth, which is brown, 
smooth, and shinino;, aj)p(‘ars to be more compact than any other 
part, and in tliese res})ects bears a striking resemblance to that 
on the fossil teeth of the shark, or of the glossopetre. 

Head. 

Notwithstanding that the fragment of the head appears to 
have been forcibly compressed so as to be flattened, and to have 
its parts thrust from their natural position, it is nevertheless not 
only evidently in better preservation, but more entire than any 
portion wliicli I have yet seen of tlie l^ead of the Maestricht 
animal. In none of those fragments, at least none that have as 
yet been engraved, do we see both the right and left sides of the 
fape or facial parts of the skull ; in none are there any remains of 
the upper jaw ; in none do the upper and under jaw correspond 
so completely with each other ; in none is there discerpibie so 
large a portion of the snout and of the forehead above the 
eyes. 

* This more perfect preservation of the parts of the face in this 
subject epable# us to ascertain with greater precision the class 
of animals to w hich this head bears the most resemblance. For 
oil considering the heads of the diflerenl species of the lizard 
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tribe, it k principally the fore part of the head that charac- 
terizes the varieties occurring among them, as in the hinder part 
the general resemblance is less diversified. 

It is owing to this striking difference in the face that we can 
distinguish at first sight tlie head of the gavial from that of the 
crocodile, and these again from those of the gecko, the iguan, 
the stellio, and the draco; not only in a fresh and unprepared 
state, but still more plainly in the skeleton. Thus it is princi- 
pally in the parts forming the face that vve perceive the most 
decided difference between the scull of the lacerta monitor, tupi- 
nambis, draco, and stellio. Similar differences in these parts 
are to be discerned in Camper's admirable , plates of the sculls of 
the tupinambis, tequixiii, and iguan."^ 

Since, therei’ore, it is the facies that principally shows the 
resemblance, or the difference between the various s[)ecies of 
lizards ; and as fortunately the greater part of this is here pre- 
served so as to be plainly distinguishable ; for whatever imper- 
fection there happens to be on one side is supplied by the exist- 
ence of the corresponding parts on the other side, it becomes 
less.diificuit for us to compare these lacerta of the former world 
with those of the present one. 

Among all the varieties with which 1 am acquainted, I find 
that, except with regard to size, the fades of our lacerta 
bears the greatest resemblance to that of the lacerta monitor. 
This resemblance is most obvious on the left side (PI. VTllf), 
fig. 2, where, on conqiaring them, we find an evident analogy in 
the general conical form ot the upper jaw ; the liollow' of the eye 
equally large in proportion ; an equally large cheekbone ; 
the same furrow, or slight hollowg between the bones of the nose, 
and a similarly shaped under jaw. 

Judging from the scull of a lacerta monitor now before me, and 
likewise from the plate of an iguan by Pischer,:} or that of a large 
teguixin hy Camper,^ I am of opinion that not only the entire 
intennaxiliary bone is wanting, but also a portion of the right 
and left upper jaw. 1'his part, winch is also deficient in most of 
the plates of the Mae.strii^lit animal, as w ell as the incisores teeth 
belonging to it, can be restored from the representation given by 
Camper, j| wiio possesses a natural specimen. 

' Teeth, 

If the teeth in our animal be confpared with those of the 
lac^erta monitor, a striking difference will be evident ; for 
although the manner in w hich they are fixed into the jaw, and 
also that of their arrangement appear to be Biiiiilar, their form 

* Annales du I^Iuseinn, a Paris, tom. xix. PI. 1 1, fig. 5, 0, 8, {Ig. B, fig. C. 

+ This Plate has bcf-n reduced. — Ed. 

On the difterent Forms of the intermaxillary Bones of Animals, Leipsig, 3 800, 
tab. hi. fig. 8. 

S Annales du Miiscuin d’Hist. Nat. a Pairi, tort), xix. ISl^, PI. U. fig. 8, 

j| Ibid. fig. 
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is obviously unlike. No tooth, for instance, has a crown termi- 
natino- in several points, as is the case with almost every one ot 
Ihe lacerta monitor, but each adheres to the jaws by a swelling, 
flatly rounded root, has a pyramidal top somewhat inclined for- 
wards, and is coated with a brownish enamel. Ihe )voi or 
kernel of these teeth differ as well by their less dark bright grey 
colour, as by their greater thickness, not only horn the substance 
of all the other bones,* but even from that ot the jaw. 

The top, which is covered with a brown,^dark, porcelain spe- 
cies of enamel, has almost the appearance of a dagger, ihe 
exterior surface of this part of the tooth is divided from the inner 
one by a dark, sharp, jagged edge (almost the same as in the 
glos.sopeter); and is not only less convex than the inner surface, 
but has moreover obtuse-angled facettesm its longitudinal direc- 
tion. In order to exhibit this more distinctly, 1 have g'^en a 
nia-milied representation of the best preserved of these teeth 
both the external face, tig. 4 ; and a section through it, fig. 7. 

In both the sculls of tupmambis, with which 1 have been 
favoured by the kindness of Jhof. Schneider, of Lreslaw, I find 
srinilarlv formed teeth, only in these the dark jagged angles are 
not easily discernible without a magnifying glass. Ihis resern- 
l)larice Vfetwf'cn the tt ( t.h of our unknown animal and those ot 
the tupinaiuhis warrants us in assi^aiing it to the genus lacerhe. 
As far as 1 can ibrm an opinion from the teeth ot the Maes- 


triclit animal;* fr 
atterwards given to 


1 Those whii.li 1 formerly possessed myself, _ 

\T VVffll of Ihemen: and from others ot 
aiterwaras givun ia^ nK i>i)cn, oi ^ 

tliem wliicli 1 saw in the possession ot my distinguished teacher, 

Petrus Campe r ; i —ii%'in his masterly represeiitations of the same, 

—from those in the works of his son Adrian Camper, i baiijas bt. 

Foiid,§ or Cuvier, II the teeth of our incognitum bear the most 

• In speakinp of .ho Maestri, ht animal, Cuvier terms this soM part of the tooth not 

Tyj 1 Alontnime tie St. Pierre a Macstricht, Paris, 1 <99 4 also in his 
^ § Histoire ^at. 4 lUs Hist, dela Mont, where 

Kssai de Geologic, « y ^ 'exhibited hardly anv one of them is accurately repre- 

"“fl'Vnr'clu Mus Cl'lliat. Nat torn. xii. FI. 19, where the teeth of the Mnestricht 
.nLal appeal if 'the root w« conlractctl ju,t at the commencement ol hie upper 

part. 


188 3f. Von ^ommering on the ^Sept* 

complete resemblance to those of the animals discovered at 
Maes^tricht and Vicenza. 

Of &uch teeth, there are seven on the right side, in the upper 
jaw belonging to our animal ; and at least fourteen on the left side. 
In the under jaw, there are only five on the right and six on the 
left; these too are not all in equally good preservation, some of 
them being broken. 

There being the evident remains of three teeth in the little 
fragment marked fig. 3, which, in all probability, belonged to 
the leftside of the upper jaw, we may reasonably conjecture that 
the animal had certainly more than i? teeth in this jaw. 

The teeth appear smaller in front than in the intermediate 
parts from whence again they gradually decrease as they pro- 
ceed towards the extremities, so that the most backward teeth 
are less than any of the others. 

Besides the two fragments belonging to the liead ; namely, the 
larger one in fig. 1 and 2, and the lesser represented in iig. 3, 
there is another of a middling size, which a[)j)areritlv belongs to 
the palate, but could not be engraved on account of its indis- 
tmetuess and imperfect state. 

The. right side portion of the under jaw of the Mae.striclit 
animal, as given by Faujas St. Fond (Pl. i.), w]n('h is apparently 
very perlect, exhil;>its 14 teeth nearly regularly increasing in si'/e 
as they recede from the front, so tliat iho foreunost teeth are the 
smallest, and the hinclermost the largest. Judging not only 
from this, but even from the 14 teeth in the left side of the up|>er 
jaw belonging to our fragment, more tlian half of the under jaw 
is wanting in our fragment. / 

The palate teeth which are to be seen in tlie Maestriclit animal, 
and wliich are so important towards clraracterizing tlie animal, 
appear either to be wanting, as do likewise the bones of the 
palate, or to be still buried up among the ruldusli that could nut 
easily be removed. 

Vcrtcf/irc, 

Nineteen of the vertebte are very evident, fig. S and 10, and 
of two others, fig. 8, tliere are perceptible traces or im- 
pressions. 

Eight of these vertebne, fig. 8, part of which belong to the 
back, and part to the loins, a[>pear, notwithstanding tht!ir distor- 
tion, to be arranged as they were in the living animal. Their 
tatera I processes j whicii are of considerable size, are very distin- 
guishable. 

The winlli of tliese, fig. 9, as likewise the two of which only 
the traces are perceptible ip p)^ appear to belong to the loins and 
pelvis, as do me other three, marked (j ([ to the tail, both on 
account of their situation (behind tlie bones of the pelvis, and 
below tliose of the tliigh), and of their fiat form. 

Five otlier vertebra^ fV>und in a separate mas.s of stone seem 
to have beloiige J to tin fureiiust p.irt of the backbone. Yet as 
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this fragment does not exactly correspond with the rest of the 
bones ‘1 dare not pronounce this to be decidedly the case. 

As far as can be ascertained, these vertebrie are concave both 
before and behind, and not, as Cuvier observes those of the 
sauria and ophidia to be, viz. concave in front, and convex belund- 
In dimensions, all these vertebrre appear to be proportioned to 
tlie head, and the convjilete resemblance which they bear to each 
other in form, size, junction, processes, substance, Ik-c. «eeni to 
prove that the five discovered in a separate stone belong to me 
same individual as the other lourtcen. 


mbs. 

More Uian 3(1 of the ribs are discernible, "flie larger ones are 
for the most part displaced, and lyin<^ aloim the spine, and at 
the same time partly bruised and broken off. The hinder and 
lesser ones lie scattered at some distance from the spine, 

Pelvk. 

Among the bones of the pelvis, which are likewise removed from 
their situation, the two share bones, as likewise the os ischii on 
the riglit side, are perfectly entire ; but of the right hip bone there 

IS (ji'ily *1 t i tiiiiiiriji u . 

Thh^h Bones, 

or the ri.dit and also of the left thigh bone, there is only the 
nimer half: AVhether some fragments found dose to thosi*, 

bllonged to the cross bone, is now exceedingly difhcult to deter- 
niine on accoaut of tffdr im|)erfect stat e. ■ . i 

Ih’sides these remains of hones, there are to be peicened n it 
onlv in the single, stones, but every where throughout the entire 
mass, small, delicate, and, for the most part, roundish scales, yet 
not resembling those that have formed themselves so abundantly 
aroiuid tlui ibssil gavial in luy possehsiou. 

On compariim the present considerable fragment of the head 

„f , tig. 1 bti 1. with ha»i.g..;s 

brated one discovered at Maestricht and now deposited in die 
Museum at Paris, the most remarkable of any, and on that 
very account already engraved ten=*- different tunes, we not only 

* The (list engraving is a coarsely executed print in Les Dons de la Nature par 
Thbecond, hardly at all superior to tlie preceding, is in the JIagazin Encydopediqu*, 
‘“xi'e thirf! which, as well as all tl,e others, with the exception of the seventh, I liave 

*^’'The sixth is the elegant little vignette serving as a head-piece in St. Fond’s Hist, de 
1ft Mont. Bt. Pierre. 
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discover tlie most striking resemblance (independent of size) 
between these two specimens, as well in the general coniigura- 
tion as in the details ; but that the one now exhibited, which is 
fortunately less imperfect, is of greater assistance in determining 
the real form of the head of this extraordinary animal than the 
80 justly celebrated fragment deposited in the Museum at Paris, 
although that is invaluable on account of its magnitude. Among 
other parts wanting in that specimen, both the forehead and snout, 
as likewise the circle surrounding the cavity of the eye, may be 
admirably supplied from those parts as exhibited in our anirnaL 
Our animal likewise contains 17 teeth in the upper jaw, w hereas 
that has only nine. 

In fact, the general form of our animal bears a strong resem- 
blance to that of the other, as may be seen by referring to Plate 
LI, of St. Fond. And this perfect resemblance in the contour of 
both specimens furnishes at the same time an incontrovertible 
proof that our animal w as very young, and had hardly attained a 
quarter of its size, as this admirable engraving of 8t. Food’s is 
three-fourths less than the original, and is yet covered as nearly 
as may be, by it, or, at least, by the exact representation whicfi 
we have given of it. 

’ The rest of our fossil fragments are likewise particularly 
important, as they exhibit such portions of the bones of the 
pelvis and thigh as were, if I remember riglit, hitherto quite 
unknow'n. Even M. Cuvier, wdio possesses by far tlie greater 
portion of the bones of the Maestricht animal, said in 1808 that 
no part of the legs had been preserved. ^ 

From v;hat has been said both here and in the 21st and 22d 
paragraphs of my treatise on the Crocodilus Pricus, tlie Ibllovving 
results appear to arise : the large gigantic laceita, which has 
been discovered on St. Peter’s Ilill, at iMaestricht, and at 
Rozzo, in the territory of\ icer.za, was, during the first ages of 
the world, an inhabitant of a district belonging to the kingdom 
of Bavaria, where it w as a neighbour of the Crocodilus Pnscus. 
Consequently this race af animals were to be found throughout 
a tract of country extending from Holland, through Bavaria, to 
the Vicentine ; so that our individual was here in the very centre 
of the district assigned^to it; a nd,» therefore, was not so restricted 
as to space as has been liitlierto supposed.*' 

For aught that I know to the contrary, these fragments are 

The ficventli exhibits only the palate. Van Marum, Mem. de la Soc. Teylerienne, 
an. 1790, PL 

The ei^th rqiresentR the hinder part of the lower jaw after a drawing by Camper, 
the father, in Adrian Camper’s Journal de Physique, an. ix. 1800, tom. li. 

The ninth is by Cuvier, in the Annales du IVIus d’llist. Nat. tom. xii. PI. 19, and 
i«, as I have circumstantially stated in my treatise on tlie CrtKodilua Priscus, sect. 21, 
the most instniclive of any. 

The tenth is to be found in Parkinson’s Organic Remains of a former World, PI. 19, 
fig- 1 . 

* On n’en a decotivcrt, jusqu’ ici (180B), Ics ossemens qu.c dan* un sent canton tmez 
fm ctendu. 
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(he first of the kind that have been found in this tetritory. It 
would, -therefore, be desirable that whoever, either now is, or 
may hereafter be, in possession of similar, would contribute w'hat 
they can to our information respecting this gmns deperdiluni by 
kindly coniinuiucating their observations to the Royal Academy 
of Sciences, accompanying the same with either drawings or 

If we compare the dimensions of the bones Ixdonging to the 
Maestricht and to the Vicentiiie animal with our own fragments, 
we shall have reason to suppose that ours was as yet very 
young, and had hardly attained a quarter of its full growth, 
which'Cuvier computes to be 23 feet in length. 

Moreover as these Agments contain two thigh bones, of 
which no part is preserved in the remains found on St. Peter’s 
Hill, they satisfactorily prove tiiat this animal was no cetaceum, 
no fish, but actually a lacerta. 

The form of the head has so great a resemldance to that of the 
laccrta monitor, and differs so entirely from tlie heads of cetacea, 
fish, and even the crocodile, that there no longer remains any 
room to dispute the propriety with which Adrian Camper has 
assie'ned the Maestricht animal to the lacerta genus — a judge- 
ment to which Cuvier completely assents. 

As there is not the least appearance of scales belonging either 
to the neck or the bacW, of which there are an abundance to be 
perceived in the small crocodile or gavial in my possession, it is 
impossilde to conjecture this animal to have belonged to the 
crocodile species. Ammonites were found in the vicinity of this 
lacerta aiumal, as is^ universally the case in all the knowm 
instances of fossil crocodiles, gavials, uiul lacerte, one proof of 
Vvhich, among others, is the Dresden petrifaction, of which a 
co[)y has iieen made for this Academy. 

'f ile compressed and distorted, forni of the head, and the vio- 
lence that is apparent in many places, are remarkable, since they 
indicate some great exlernar force to which either the animd 
itself, or its skeleton, must have been A^ubjected, as is likewise 
the case in the crocfidilus priscus. And what power must have 
been exerted not only to flatten the conical head, but even to 
luree out and to break the teet||, as we see has been done here ! 

If i may be permitted to decide, from my own anatomical and 
pathological knowledge, I should say that this compression of the 
liead was not effected during the dry, friable, and b ittle skeleton 
stare, since, in such a case, owing to the equal fo^ce, the upper 
jaw would liave been broken in another direction ; or, least, 
would not have been so perfect as it iiow^ is on the left side. The 
injury rather appears to have been done in the living ammal, on 
account of tlie periosteum and top of the head still retaining 
together the fragments of ‘the bones, notwithstanding their 
crushed condition. 

Hence it appears to me to be a subject well worth attentive 
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examination to discover how it happens that in all the fossil 
animals of antiquity, except some later ones discovered in a 
lighter soil, the heads in particular are not only crushed, but at 
the same time dislocated in their parts. How dreadfully shat- 
tered, for instance, are the fragments of the head and jaw disco- 
vered at Maestriciit, the jaw of the Vicentine animal, the head 
of the specimen belonging to M. Spener, the heads of the palieo- 
theriurn and anoplotheriurn found at Mont Martre, and the head 
of the crocodilus priscus ; while the spine and bones of the 
limbs have received less injury, and are also less deranged 
from their natural position. 

It is impossible that this should have been occasioned by the 
solution ot a calcareous strata (kalkaufibsung) carrying the ani- 
mal, or its skeleton, along with it. Or even supposing that this 
might have been the case, such a current could not have carried 
away the shattered parts, and afterwards deposited them so 
unitedly, as we find them lodged in horizontal strata of (chalk) 
calcareous slate. 

Since even Cuvier * himself considers the nondescript animal, 
whose remains we have been here examining, to be not only the 
most celebrated of any, and to have occasioned the greatest 
difference of opinion, but to be at the same time the most 
gigantic of any, le plus gigantesque de tous,'^ I have the less 
hesitation in assigning to it the specific name oflacerta gigantea 
of a former world. 

Lastly, when it is considered that, according to Cuvier's cal- 
culation, which is certainly not an exaggerated one, this gigantic 
lacerta was 23 feet in length, we are forcibly reminded of the 
dragons so much spoken of in fable. At least, the fact that, 
at one period of the world, there existed animals of the lacerta 
or dragon kind, more than 20 feet in length, is more astonishing 
than all that is recorded in ancient tradition respecting monstens 
which even the wildest fancy did not amplify to such enormous 
dimensions. 

Explanation of the Plate. (VIII.) 

Figure 1. 

A fragment of the skull as seim on the right side. | 

h. ilie uneven edge of the superficies of the .fragment of 
the forehead and nose, to which belonged the part compressed 
on the left side, fig. 2, A. 

ay by c, d. The upper jaw broken off in front at r, in such a 
mannqr that more than the inter maxillaiy bone appears lo have 
been destroyed. 

e, e. The cheek-bone, 

e, e, f. The cavity of the eye, forcibly compressed above so as 
to appear smaller and lower than that on the left side, or than it 
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was in its perfect state. The portion /, appears to have been 

particularly affected bv violence. , , , , . 

The Kinder part of tne line of teeth seems to be concealed by 
some fragments of the palate being unnaturally forced down, so 
that the teeth, which are plainly to be seen on the left side (Kg'* 
0 to 15), are not visible here. 

L k. Remains of the right half of the under jaw. 

I, m. A portion of the remains of the left half of the under jaW 

corresponding with I, m, in fijji 2. j . r iu 

2 3 4> 5, b, 7, 8k Seven tolerably well preserved teeth of the 
right upper jaw, which appear to correspond with those similarly 

ligured on the left side^ ■ ^ e j- 

6 and 8, perhaps also appear to be the points of succeeding 
teeth, covered with enamel. To be compared with Camper, 
a a O. Tab. 2, A. C, D, E. Tooth 8 exhibits the preceding 
one still beneath or behind it. Of this right side, the teeth 
marked 3, and 7, are represented on a magnified scale in fag. 4 

” 3', 4', 5', O'. Six teeth of the right under jaw ; of that 

marked 1',’ there is only the point remaining. 


Figure 2. 

The left side of the same fragment, as is exhibited iii the pre- 
ceding figure, on the right side. , . , j 

,i if. A portion of tlm scull broken from the right side and 
fallen down on the left. Of this, the edge, a, b, corresponds 

with that similarlv marked ia the first figure. , • 

*** A crentle depreasion, or furrow, which is also found in the 
bead.s of ifzards, and that here extends up the forehead along the 


bone of the nose. zr ■ e , , / 

(I The left upper jaw broken oft in front at 0, c, 

so tiiat m’ore than the whole of the intermaxillary bone is 

wanted, 

e. The left cheekbone, 

e, f. The front edge of the cavity of the eve, which appears to 

have retained its original form tolerably* well. 

A, m, 1. Remains of the left half of the forcibly shattered 

under jaw. . , 

p, q, r. Fragments, probably belonging ^o the cranium. 
e, e. The cheek-bone of the opposite, or right side. 

Li. The under jaw of ditto. , j- 

1. 2, to 15. Teeth of the left upper jaw, still plainly discerni^ 
ble. 2, 3, 4, 5, 6, 7, and 8, appear to correspoi^ LTT/T 
similarly figured on the other side. 4, 5, 12, 
only are remaining in their original situation, and without 

inju^^ S', 4', 6', 6'. Six teesJth of the under jaw on the left side 
partly displaced, and fractured. 

' 'Hew Series, vol. ii. o 
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Figure 3. 


The smallest fragment of the skull with three teeth. The 
-rounded smooth edge, a, 6, (probably a part of the orifice of the 
nostrils), and also the direction of the curve of three teeth, 1, 2, 
and 3, seem to indicate that this fragment belonged to the left 
side of the upper jaw. 

Figures Ay 5, 6, and!. 

Teeth of the upper "jaw, shown as magnified beyond theh* 


natural size, 

Fio*. 4 answers to tooth 3. Fig. 5 to tooth 7 of the right side. 
Fig. 6, on the contrary, to 13 of the left side, the most perfect of 
any. Fig. 7 is a section of fig. 4 made at the dotted line, so that 
the lipped angular half of the outline denotes the outer ; and the 
lower half, the inner convex surface of the tooth. 

a h. The swelling root of the tooth, not coated with an ena- 
mel^ by means of which it is fixed into the edge of the jaw . 

c c d. Points or crown of the tooth, smooth, coated with a 
browri enamel, bent, obtusely pointed, and acutely angled. 

V e, d- The black jagged edge of the enamel having the 
appVarance of a saw; attention has been paid both to the number 
of these minute points and to the proportions of this saw-like 
edge. 

fy Cyd. A slight furrow extending loogitadmally. 


Figures 8 and 9. 

Fra<nnents of the spinal vertebra), ribs, bones of the pelvis, 
and thigh-bones, adhering to two pieces of stone. 

I n, HI, IV, v, VI, vii, vni, ix. Vertebra), from their lomgiU- 
dinal slenderness, and the shape of their processes beiorrging to 
the ribs. 

s^SyS. Left processes of these vertebiie. 

r, r, r. Right processes of ditto. 

t. Perhaps a part of one of the bones of the pelvis ? 

Neither the larger or foremost ribs, nor the lesser ones, which 
lie separate from each other, require any particular mark. 

pyp. Merely marks or impressions of two vertebrae, now lost. 
qr q* Three distinct and perfect vertebra?., hardly half a line 
in thickness, and dqubtless belonging to the tail. 

f d. The outer side of the upper half of the right thigh 
bone. 

r, .s. The inner side of the upper half of the left ditto, for the 
most part covered by tire os ischii, w, Wy w. The trochanter 
of the same. 

u. The outer surface of the right share bone (os pubis ?) 
t^ieh is in complete preservation. 

t. The inner surface of the left ditto, equally perfect. 

Wy Wy w. The outer surface of the right os ischii. 
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/ t X. Some part, perhaps, of the os ilimn ? 

L Perhaps one of the processes of the cross-bone (kreui- 
' Fig,m 10. 

I II in IV V. Vertebra probably of the back, l appeatfi to 
have been 'the' foremost; v the hindermost since v resembles 
more in its shape the other vertebra ot the ribs. 
s, s, s, s, s. Five lateral processes of the right side. 

1, 2, to 8. Fragments of eight ribs. 


Article V. 

Historical Sketch of Electro-magnetisnu 
(To the Editor of the Annals of Philosophy.) 

SIR, 

Having been engiiged latterly in looking over the vari''u9 
papers thathave been written onthesubject of electro-magnetism, 

1 A»und much difhculty in gaining a clear idea of what had been 
done and by whom, 'in consequence of their great variety, the, 
number of theories advanced in them, their confused dates, and 
other circumstances. 'Piiis induced me to draw up a catalogue 
of such of these papers as 1 could obtain access to, and to make 
some c-eneral arrangement of the matter contained in them. 1 he 
follownc’- attempt does«not by any means profess to give a correct 
view of the subject, or of what has been done in it ; nevertheless, 
perhaps in the absence ot a digested and scientific account, you 
may think it worth publication." Though it can give no informa- 
tion to those who have worked in the field that has been opened 
l)v this new discovery, it may assist in informing others what the 
hdiourers have done'; and after knowledge has been acquired, it 
is always desirable that it should be distributed. 

M. Oersted, Professor of Natural Philosophy, and Secretary 
to the Royal Society of Copenhagen, has, for many years, been 
emmged in inquiries respecting the identity of chemical, electn- 
caf and magnetic forces ; and as early as .1807 proposed to try 
“ whether electricity the most latent had any action on the mag- 
net.” At that time no experimental proofs of the peculiar 
opinions he entertained were known ; but his constancy in the 
pursuit of his subject, both by reasoning and experiment, was 
well rewarded in the winter of 1819 by the discovery of Tact 
of which not a single person beside himself had the slignt^t 
suspicion; but which, when once known, instantly drew the 
attention of all those who were at all able to appreciate its 

imjgortence^ed,^ own account of this discovery has been published 

o 2 


19(> llhtoru'al Sketch of Elect co-fnagnelnm, [Sei*t- 

in your Annals in vol. xvi. of the First Series. It is full of 
important matter, and contains, in few words, the results of a 
great number of observations ; and, with his second paper, com- 
prises a very large part of the facts that are as yet known relat- 
ing to this subject. It is necessary, for the sake of connection, 
in this account, that I state much of what has been described 
in those papers, though nothing that I shall say will at all super- 
sede the necessity of reading them, to those who wdsh to gam a 
knowledge on the subject. 

Upon the excitation of the voltaic a})paratus by the proper 
arrangement of its plates and fluid, it is known that certain 
powers are given to its poles or extremities which enable them, 
when attached to an electrometer to show by their divergence a 
certain tension of electricity; or when connected together by 
fluids, wares, or other conducting substances, to decompose or 
heat them. These effects have been known for several years, 
and are generally attributed to electricity produced by the appa- 
ratus ; the effects of tension belonging to the insulated state of 
tl)e poles ; those of decomposition and heating to their connected 
state. 

When the two poles of such a battery or apparatus are con- 
nected by conductors of electricity, the battery is discharged ; 
that is, the tension of the electricity at the poles is lessened, and 
that according as the conducting power of the substance is more 
or less. Good conductors, as the metals, discharge it entirely 
and instantly ; bad conductors, with more or less difliculty ; but 
as the instrument has within itself th^ power of renewing its 
first state of tension on the removal of the conducting inedunn, 
and that in a very short space of time, it is evident that the 
connecting substance is continually performing the same oftice 
during the whole time of its contact that it did at tlie first 
moment, and this whether it be a good or a bad conductor ; and 
it is also evident that it must be in a different state in this situa- 
tion than when separatetl from the apparatus. It is important at 
present rather to consider the action of a good conductor in dis- 
charging the battery, as the phenomena to be considered are in 
tliat case more energetic. A metiillic wire, therefore, may be 
used to connect the two poles; it will discharge a powerful 
apparatus; and consequently whatever takes place in the con- 
necting mediiua is here compressed into a very small place. 
Those who consider electricity as a fluid, or as twm fluids, con- 
ceive that a current or currents of electricity are passing through 
the wire during the whole time it forms the connection between 
the poles of an ac^ve apparatus. There are many arguments in 
favour of the materiality of electricity, and but few against it ; 
but ftill itis only a supposition; and it will be as well to remember, 
while pursuing the subject of electro-magnetism, that we have no 
proof of the materiality of electricity, or of tlie existence of any 
current through the wire. 


1821.] Historical Sketch of Ekclro-magneliifn. 197 

Whatever be the cause which is active within the connecting 
wire wliether it be the passage of matter through it, or the 
induction of a particular state*of its parts, it produces certain 
very extraordinary effects. If small, it becomes heated ; and as 
■the size of the wire is diminished, or that of the apparatus 
increased, the heat rises to an intense degree apparently without 
Ly limitetion, except from the influence of external circmu- 
stances, or the alteration of the wire. Another effect, and it is 
that which has been discovered by M. Oersted, is, that, if brought 
towards a magnetic needle, it has the power of attracting and 
repealing it ini constant nm^ and In obedience to certain 

^‘“f a magnetic needle be left to take its natural direction, and 
then a straight portion of the connecting wire be brought above 
it, andpardlel to it, that end of the needle next the negative 
pole of the battery moves towards the west; and that whethc 
the wire be on the one or the other side of the needle, so that it 
be above and parallel to it. If the connecting wire be sunk on 
either side the needle so as to come into the horizontal 
which the needle is allowed to move, there is no me turn of the 
needle in that plane ; but the needle attempts to move in a vei- 
tical circle; aid, but for the imp^fect suspension, and t^h^ 
influence of the earth’s magnetism, would do so. J ‘- 

wire is on the east of the needle, the pole of the needle next the 
neo-ative end of the battery is elevated; and when on the west of 
the needle, it is depressed. If the connecting wire be now sunk 

below the level of the^eedle, similar attractions 

1 1 \ A. ... to til OSf*. follow 0U WIK.H it 


below tlie level oi iiie^net.uie, w 

take place, but hr opposite directions ^ those followed w^^licn it is 
above. The pole of the needle opposite the negative end of the bat- 
tery now moves eastwards, whatever the position of the wne, so 

that it be restricted as above. i 

That these positions of the .magnetic needle may be re- 
tained with more facility in the memory. Prof. Oersted pr^P»j’^> 
the following formula; “the pole above which the neM electri- 
city enters is turned to the west ; unde/; which, to the east 

Oersted immediately pointed out, what it « easy to see from 
the above experiments, that the movement of the needle took 
place in a circle round the connecting wire ; and 
description of his first experiments the Quantity of decimation 
criven to the needle from the wire is expressed by an angle of so 
many deorees, yet it is immediately stated to vaiy with Uie pow-ei 
of the battery,’ Whaiever the needle is moved m a horizontal 
or any other circle from the position it naturally assumes, the 
newer of the earth over it tends to restore that position, and is 
consequendy an active force in the present 
the power of the connecting wire ; it. therefore, 
decimation the needle wituld othenvise have. Alsq_when 
the wire is brought into the same horizontal circle with the 
needle, its effect over it is shown by tlie elevation and depres- 
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Bion of its opposite ends ; and it is the mode of suspension 
combined with the earth’s magnetic power that prevents it 
from traversing in a vertical chrcle. But if those interfering 
circumstances be removed, i. e. if the suspension be such as to, 
allow of free motion to the needle in every direction, and the 
earth’s magnetism be rendered null, or counteracted either by 
the position of the needle, or by the vicinity of another magnet, 
then a much simpler idea of the relative movements of the wire 
and needle may be obtained. 

It is not, perhaps, easy to obtain this perfect state of the 
apparatus, but it is not difficult so to arrange it as to examine 
the movements first in one direction, and tlien in another. It 
will then be found that if the connecting wires of a sufficiently 
powerful apparatus be placed near a magnetic needle so as to 
pass near its centre, that the needle will arrange itself directly 
across the wire, whatever the previous position of the two; that 
if the wire be carried round the centre of the needle, or the cen- 
tre of the needle round the wire, the same relative position of 
the two will continue, and that the direction of the needle across 
the wire is not indifferent, but has its poles always in a constant 
position to the poles of the battery. If the positive pole of a 
battery be on our right hand, and the negative pole on the left, 
and a wire be stretched between, connecting them, then a needle 
above the wire will point the north pble from, and the south 
towards ; or if below', the south pole from, and the north towards 
us (Plate IX *) ; figs. 1, 2. If the connecting wire and the 
needle be represented by two small rods named accordingly, and 
fastened permanently together, then they w ill represent the wire 
and the needle in all positions ; for, however one be placed, the 
other will correspond with it : or if on the under side of a small 
square piece of glass a line be drawn from top to bottom, the 
upper end being called negative, and the lower positive ; and on 
the upper surface a line be drawn from left to right, the left teiw 
mination being named south, the right north ; then the lower 
line will always represent the connecting wire, and the upper 
the needle; fig. 3. 

The needle and wire being in this position, if the wire be 
moved along the needle towards either extremity, strong attrac- 
tion will take place between it and the pole, notwithstanding the 
same part of the wire be employed; and the j)oles in the two 
positions are contrary to each other. In this case it appears 
that the same point in the wire has the power of attracting both 
the north and south pole of the needle. If, while the wire is 
thus situated near the end of the needle, the latter be turned 
round w that the pole before there be replaced by the opposite 
pole, sj^ng repulsion will take place, and that to whichever pole 
the 4ire has in the first instance been carried ; so that the same 


♦ This Plate will be given in the next Number* 


1821.] Historical Slietch of Ekctro-7nagnetum. 199 

point which before attracted both poles will ncm repel them bo^. 

\f when the wire is near the extremity of the needle where the 
attraction is strongest, it be moved round the end so as to 
from one side to the other, keeping the same point constant 
towards the needk, its attractive power over the needle wiU be 
found to increase as it approaches the end but remains on one 
i of it, will diminish as it turns the end, will become null 
SL exakly opposed to the pole, and as .ymsses on the other 
side will assume repulsive powers which will be strongest at the 
extremity of the pole on the opposite side to where the wire was 

^’^ln*^aVthes^ cases, the positions assumed by the 
needle whether the result of attraction or repulsion, are the 
same as those before described, except that the wire is now near 
the end of the needle instead of the middle, as at fig. o, where 
there are two positions of the wire, either of which will attract 
(he pole opposite to it, and it will be found that all tlie attrac- 
tions and repulsions may be reduced to lour positions of the 
needle to the wire, in which it forms tangents 
show the positions in which the two poles are attracted , ui hb- > 
the north iiole; in tig. 7, the south pole ; if m either of them the. 
Doles of the needle lie reversed, the tangents remaining in the 
lame direction, repulsion will take place. Hence it is easy to 
see how any individual v^rt of the wire may be made attractive 
or repulsive'of either pole of the magnetic needle by mere change 

"S^’foitrbeen more sainest in my endeavours to explain this 
simple but important point of position, because 1 
with a great number of persons who have found it 
comprehend; and it constitutes a very 

Oersted’s discovery. Having, however, given the best view ot 
it I am at present ‘able to do, 1 will hasten to enumerate some 
( tlKir facts of the discx>very. i rartal 

The magnetic property does not depend upon the metal 
em deyed or its form, but is exerted by any of them which forms 
the circuit between the poles; even a tube 

f^ffectual: the only dirtexence is m the quantity of enect p ^ 
duced. It continues also, though the conductor be interrupted 
liy water, unless the interruption be of great extent. 

The mao-netic influence of the wire extends through all sorts 
of substances, and acts on the needle beyond, just as with com. 
mon magnetism. It does not act on needles of brass, glass, or 

^TiSrimcond paper on this subject, M- Oersted shows thatmot 

intensity, but quantity, is wanUng in f arc is 

Dioduce this eflect most eminently. A single galvanic arc is 

SC'nt for the purpose. A date of tine s,x 
placed in a trough of copper, Mled with diluted acid, 
the wire which connected the two metals to gqt powerfully and 
withTlimilar arrangement, the xinc plate having a surface of 
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100 square inches, an effect was produced on the needle at a 
distance of three feet. He also, in this paper, describes the 
construction of a voltaic combination so light, that being sus-. 
pended, it moved on the approach of a magnet; the motions 
were in accordance with what has been said, and may easily be 
conceived, 

{To be contimtfd-y 


Article VI. 

On Oxide of MotUganese found in the Neighbourhood of Newcastle^ 
upon-Tyne. By Mr. N. ) . Winch. 

(To the Editor of the Annals of Philosophy,) 

SIR, Newcasik-upori^Tyne^ May S, 1S2I. 

It may not be uninteresting to such of your readers as pos-. 
sess estates or manorial rights in districts, the geological features 
of which are similar to those of our coal formation, to be made 
acquainted with the discovery of the oxide of manganese in this, 
neighbourhood, Flying reports had loii^ been in circulation of 
the existence of this mineral at Ousten, near Urpeth, situated 
between three and four miles north-west of Chester-le-street, in 
the county of Durham, but it was generally surmised that iron 
slag, of which large quantities occur by the sides of all the 
Roman roads in the north of England, had been mistaken for it, 
for no traces of this metal had been previously detected in any 
of our numerous mines or quarries. However, about a week 
since, these reports were verihed by some large masses of the 
black oxide being uncovered by the plough, but whether con- 
uected with a vein, or a bed, is not yet determined. The speci- 
men now before me is' black ; its fracture conchoidal ; and 
structure cellular ; the interstices partly filled with iron ochre. 
Manganese seems to pervade the newest as well as the oldest 
rocks ; Brogniart mentions it in chalk ; the black oxide has been 
detected in the Orkney Islands, and the gray in the slate moun- 
tains of Cumberland. The geological position of this coal Ibrm- 
ation is above the encrinal, and below the magnesian limestones. 

While on the subject of localities of rare minerals, it may not 
be amjss to mention that diallage forming a subordinate bed in 
mica schist was with three or four years ago by Dr. Boue, 
^ Craig Caiileich, in the Highlands ; and at Castle Hill, near 
l^eswick, by Mr, Joseph Fryer, who has also noticed veins of 
beautiful yellow ferruginous quartz in the greywacke at Eang- 
bolm, 911 ike borders of Scotland. 

I have the honour to be, Sir, &c. 

Nat. John Wikch. 


1821.] Catisi'^ofCalorijic Capacili], Lalenl 


Article VII. 

Tables of Tempemture, and a Mat/tematical Developfmnt of tke 
('.nJsand Laws of the Fhcenomcna which have Iwm adduced 
ill .Support of the Hypotheses of “ Calonjic tapaaty. Latent 
Heat, cSi'c. ' By Herapath, Esq. 

iConllnttct} from p. 10.5.) 

Prop. 1L Prob. L 

\Vhj;n portions of the same fluid are mixed at unequal tem- 
peratures, we have seen by tlie preceding prop, that the temper- 
Itnre of the mixture differs from that which would result if the 
dpo-rees of Fahrenheit indicated the true increments of tempera- 
ture ; let it now, therefore, be required to determine the most 
advantao'eous circumstance under which the mix me can ic 
nrade with given temperatures; or the temperatures bemg 
triveu let it be required to determine the proportion of the quau- 
mies ’to be mixed, so that the, difference between the resultmg 
temperature arid the Fahrenheit theory shall be a maximum. 

If the Fahrenheit tlwrmometer indicated the true increments 
of temiperature. the temperature of the mixture should be 
y + Fi Wi . ^ denoting the weights of the portions 

^ anrl F F ^eir respective temperatures on Fahrenheit, 
Jhc, W'!’ = „ vl tl,e of the 

1 But under these same circumstances, the 

OGCOIRCS I 4- II * 1-v 

true indication on Fahrenheit % Cor. ^4 to the preceding Prop, 

i >,(448 + F)x = 

( JK .4 V n X f Ft Y _ 44 ^^ Hence tlie difference be- 

\ n t 1 / 


v/44ii -i K 


-f F' 


\ n -f- » ' , ~~zr\ 2 

y + nF, /v/4 4» + F + «x j 

tween these results, or— „+i / 

. 448 is the difference between the two theories; and, conse- 
quently. the value of n deduced from the equation 

T + « f . _ J + «P_i y putting p for v' 44B + J" and 

for J 448~+^ ) 0“ the supposition of n being the only variabk, 
.hot J Lu. of wfh. W, when .hat dfffe^nce .a tt.e 

p T, - F _ o F- ~ P "F* '*'.4? and F, — F 
greatest. Therefore, ^ *'(« + ip' « + * 
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(Pt -- 70 • 


« Pt P 
n + I 


; from w’liich we easily get n (F,^ — F) 
Fi F) + 2 (/>, p — p"), and n — 
Now by putting ^ we have Cor. 2 

F = T,‘^ — ; whence 

1 . The most 


'j’4 


-f F, — F = 2 n 

-2 P, V - 2 ^ (F, F) 

^ P» P - ^ f 

of the preceding Prop. />i = T,, and F, 

2 T, T - 2 T" - (T,‘^ - T®) _ 2 T, T 
n — X - x*) 2 x, x - x^ - dis- 

advantageous meiliod, therefore, of examining the truth of the 
theory is when the weights of the portions mixed are equal, as I 
have stated at p, 40() of the last volume of the A nnah ; for under 
this circumstance, the difference between the Fahrenheit tlieory 
and mine is a maximum. 


Prop. III. Tmeor. II. 

Let N, Nj, denote the numeratoms of any two fluids whicli do 
not act chemically on one another, and T, T,, their true temper- 
atures, then if t be the true temperature of the mixture of equal 
volumes of these fluids, N : Nj :: t — - Tj : T — x. 

Fot* no motion being supposed to be gained or lost by the 
mixture, the sum of the motions of all the particles of the mix- 
ture will be equal to the sum of the motions of all the particles 
in tlie two fluids Ixfl'ore tlie mixture. Hut the volumes of the 
two fluids being equal, the sran of all th(f mot ions of each fluid 
will be as its temperature and lumurntom conjointly; and the 
temperature of llie mixture being supposed to be uniform, the 
sum of all the motions of the mixture will he as the sum of 
the two numeratoms multiplied by tlie common t^unnorature ; 
therefore, r (X N ) = T N -f N,, and, coiiseqiientlv, N : 
K, :: T --- T, : T T. 

Cor . — Hence tlie numeratoms and temperatures of equal 
volumes of any two fluids w’hicli have no chemical action on one 
another being given, the teaqierature ot‘ the mixture rnay lie 
found; for since N : N, :: r — Tj : T — r, we have t = 

5 ^ |]y this cor', as soon as we have determined by 

N + N, ■ - _ 

one experiniefit the ratio of the numeratoms, we can employ it 
to examine the accuracy of the tlieory by other experiments. 

ScIiolii(m. 

In Dr. Henry’s Chemistry, it is said that if equal portions in 
volume of mercury at 100^^ F and water at 40^ be mixed toge- 
ther, the temperature of the mixture will, be Ifence if N 

denote the numeratom of this water, the preceding 'j^bles give 

= 1068-5, T = l(i08*3, and r = 1028*8; and, therefore, 
N, : N :: 20*5 : 39*7 :: 1 : 1*94, eras 1 : 2 nearly. Taking this 
ratio as correct, v/e shall be able to compare the theory with the 
experiment from which it has been deduced, as well as with the 
Other experiments mentioned by Dr. Henry. For, by the pre- 
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T N + Tv,N, _ ^ Z . ! by substituting for N 


N+N| ^ ri 

the nunieratom of the water, and N. the numeratom of theraer- 
cury ; their vHues 2 and 1. 2 x loos-s + I 068-& 

Hence in the experiment I have quoted t = 

= 1008.4 which by Table III. corresponds with 59-6° of Fah- 

.ttuttru'S rrr —— be . 

blit reversed with respect to the bodies ; that is, if the water be 
^ I irtoo” and the inercury at 40°, the temperature of the mix- 
will be nearly 80°. With these data, and the preceding 
Smc" le find” L 10(i8-6undT, = 1008-3, .nd, ttoelorc, r 

2 y 1Q68‘ 5 4- lOOSbi 1048*3, which brings out the Faliren- 

heit temperature , or ^ thaUf 'two'^' obimes of mercury be 

Tile same autlioi uiis us, tuai. 

w„,h«„e of «-n.c-r 

must put twice N„ and the formula becomes t _ — ^ ' - 

, /T 4- T t . which is a symmetrical function ofT andT, of the 
.1^ 4 kind It is* no matter, therefore, il two given tempeia- 
T ^ t n ed whe her T or T be put for the higher, the result 

Let T = (100° Fahrenheit) 1068 m, then 1, — .,o 

XX 2076-8 = 1038-4 or 6y-G° ot bahrenheit; tiiat is, 4 

hiflilements of Chemical Philosopliy, has 
„«;;io“o.l a7«,.on,nc„t that woald <ec,u„o a d.»nr»t -auo . 0 , 
the numeratonis from that which I g/^en. Dr. Murray, 

1 ■ t liemistrv has o-iven results still ditterent from those ot feir 
1^ Daw MW- -Lavoisier and Laplace, Dalton, Irvine, W ilc -e, 
Kirwai/mid Crawford, have all given reSults so widely differing, 
that the’ extreme specific capacities determined from these expe- 
' lnt« lv« e a ratio no less than that of 5 to 2 ; so that on only 
50° of Fahrenheit, the extreme experiments would not agree 
withii 30 ° ' ! To expect to have any general law to connect and 
within 8t • . I unaccountably discordant would be 

n the eSe The best course which it appears 

absurd m the extrem_^ 
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same way, that any errors which had crept into one would pro- 
portionably run through the rest, and thence, in a similar way, 
afiect the theory with all. Dr. Henry has indeed not told us 
whether the numbers he has given be the results%f experiment 
or calculation ; but from the way in which he has introduced 
them, I should think they were derived from experiment. 

A beautiful case presents itself for ascertaining the truth of 
our theory to any one who chooses to undertake it. When 
water and mercury are mixed at a great interval of temperature, 
180*^ for instance, the results, if bur theory be true, by first put- 
ting the one body and then the other at the higher tempera- 
ture, will unequally differ from the arithmetical mean of 
Fahrenheit. Thus, supposing the above ratio of the numera- 
toms to be correct, a volume of water at 2 12*^ mixed with an equal 
volume of mercury at 32*^ should give a temperature of 148*9‘^, 
and a volume of mercury at 212^ mixed with an equal volume of 
water at 32^ should produce a temperature of 88*8^. These 
numbers differ from the arithmetical mean 122^ by 2(r7® and 
33’2^. A slight difference in the ratio of the numeratoms would 
but' triflingly affect the discordance of these differences. It is 
manifest, therefore, if experiments can be correctly made witli 
about this difference of temperature, the results will be sufii- 
ciently marked to decide the truth of our tlieory respeciing tin* 
cause of the pluenoniena attributed to* ( 'alorific Capacity.’^ 
Were the present notions of capacities true, the results, if 1 
understand correctly the doctrine, should be equidistaul from the 
arithmetical mean. But to ascertain this yieqiuility ofdistiinces, 
we are not obliged to use water and mercury ; w e may use w ater 
^one by substituting for the mercury half its volume of water, 
or mercury alone by substituting for the water double its volume 
pf mercuiy. 

If the same temperatures were used, 32*^ and 212® of Fahr. 
und water or mercury alone was used in quantities in tlie pro- 
portion of 6 to one of the temperatures would come out 122® 
Fahrenheit’s arithmeticaL mean, and the other no less than 7*3® 
below it. This inequality would be very striking; and as it is 
closely connected with the doctrine of capacities, it would alone, 
it appears to me, decide the fate of that hypothesis. 

Piiop. IV. Theor. III. 

Penoting the volumes mixed by V V^, and the numeratoms 
and true temperatures as before by N N, and T the true tem- 
perature (t) of the mixture will be equal to ^ 

Bv the same train of reasoning as in the last Proposition, 
T (V^ N + y, NJ = T V N + ii-N, V , and, therefore, t = 
TVN+1\V,N, 

yjN + V, N. • 
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I When V = Vi the theorem reduces itself to the 

Co»r2.— V. = t’ V and N, = « N, the general theorem 
becomes t = ^ ; and, therefore, when the volume is so 

S^'cSe’ as""w^hav? mna^kt'l hr Se Lt Scholi'um;\’t is 
illrial wiich of the flunls be put at the Ingdrer temper- 
ature, the result will the same _ V N -|- T, V, N„ 

(V. 3 .-Beca.nse r (V ^ the 

we have ^ ^ i H,!lds'bein«' o-iven, the temperatures at which 

S” tS. t.,Spe,a..;c of U.. m..tu,o, the of 

.t is much easier to detorAe 
*■ eaCiVirs TA'e'io’hts tlum ol tlic voltiines, in which case 
tlie have the ratio of the numbers of the particles 

it will lie denote the numbers of the particles 

m equal weights. Let 1 t,,e,„selves, then the. 

;;lXl'7,a“toLS a.^d\e.„g a. W P or W, P. if » 

T W P + Tf "'i t’l 

evident that r = — ^ f, ‘ , r, n .. w 

Cor 5.— From tlie preceding cor. it follows that I : 

, _ rh\‘. yf /'P _ and that if w lie so taken, that W 

W P ' r = -i (T + T,) a case analogou.s to that of cor. 

Pi:oi*. V. Pnon. II. 

Two fluids beiiKT oiven, it is required to investigate the condi- 
Iwo tuKis "o o ’ , ,j| ,j.y luay be examined under 

rv: i ,sr:;°^cirt„;iuo<L., ihot ... - that *0 

.1" J«» of lie .o»ltiu; ,o.,.,ora.o,« from hahrenhe.f a anth- 
metical mean shall be the most- unequal. 

, ^ found in Cor. 4 of 

Since the equation t = — ^ w. i’, ' 

. T V N + T, V,N, 

the preceding Prop, is precisely the same as t — v N + V, N, 

in the context of the theorem, by changing W into V, and P i^o 
N t is nkin we may in the present jnquiry use either. We 

w,U theSio, iako Lt Btrcf, i.. the corolla,.. Let a, put 

^ , T r + « Ti P, TUrrirtr ^ PrOD. I. 

W, = « w, and we have t = — ^—p— * • » , P 

If we pat T,> = F, + 448, T. .= F + 448, aud r' = F„ + 448; 

U..,efo,e.F„ = (I4^')--448;anda..otherF„e<,.«l» 

r T.P + nTP. x^ __ 448 by changing T, for T, and T for T., that 
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bodies. Moreover the Fahrenheit arithmetical mean is equal to 


p, + F T,’- T» 


^ lo TT + T'* / 1 X' ■sf- *1 X , J'|\* - 

_ , 448. Hence — — ( — — ) is 

the distance of one result from Fahrenheit's arithmetical mean, 
and the distance of the other; and, 

y — is the 


T P + ft T, }\ 


therefore, 


/T, P + n TP,\5 / 

V P + n l\ ) I 


T P + fi Tj P, 
1* + « P^ 


difference of these distances, which, to satisfy the object of the 
problem, must be a maximum. But llie temperatures T, Tj, and 
the particles, P, Pj, being the same, n is the only variable. 

Whence we have d . ( ^ F 


T,P + nTP. j 

/T, P + nTP,'\ 

_ TP -.nT.P. j 

/TP -bnT,P,\ 

P + n P, ■ “ 1 

1 r 4- n P. J 

' P 4- « P, * ^ * 

[ P + n P, / 


T P 4- n T P 

Bui omitting d 7i, which is common to both sides, d ~ 7 |> — ’ 


_ T P, (P + n PO _ P, (T, P + «T P,) _ TP,P + «TP,''-T,P,P--nTP;~ 
(P + n P,p (P + « P,P tP + « P«P 

_ •T - T.) P P, , , T P + n T, P, _ T, P, (P -f n P,) _ 

(P + nP,)“ ' " P + n P, ““ (P + ri P,)" 


P, (T P + n T. P,) T, P, P + « T, P,' - T P. P 


-«T, P,'_ (T,~T).PP, 
(P 4. nP,)’^ ' 


(P 4- n P,)* (P 4- n P,p 

The two differential parts, therefore, inf4he above differential 
equation being the same quantities witli contrary signs, and the 
sides of the equation itself liaving contrary signs, we have 


T, P 4- n T P, _ T P 4 - » T, Pr . 


P + n P, 


P + « l\ 


and consequx^ntly ;/ = 


(T, ~ T) . P 
- T) .1% 


P • "W 

= p . Restoring tlie value of n, that is we get PiW, = PW, 

and also N, V, = N V. Consequently the most advantageous 
method of examining the theory is wiien the interval of the tem- 
peratures is the greatest possible, and tlie weights reciprocally 
proportional to the particles in equal weights, or the volumes 
reciprocally proportional to the numeratems. That is, the tem- 
peratures being the same, the best method to make the experi- 
ment, or to examine the theory, is when the weights of the fluids 
are so related to the panicles in equal weights, or the volumes to 
the numeratoms, that t = (T 4- T,), or that the temperatures 
are symmetrical with respect to themselves and the fluids. 

Cor 1.— When P, = P or N, = N, W. = W and V, = V ; 
so that in parts of the same fluid the most advantagwus circum- 
stance under which the theory can be examined, p when the 
portions mixed are equal; which coincides with what we have 
deducedmProp.il. 

It i's prdper to remark, that in this deduction one of the dist- 
ances from, the Fahrenheit arithmetical mean becomes negative 
with respect to the othefi difference of distances 
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is double that found by experiment. Without attending to this 
remark we should find that the theory would differ most from 
Fahrenheit’s when the volumes or weights are so taken, that one 
of the results coincides with Fahrenheit s 'aviJirnetical 

Either case of this condition is obtained by taking 

/ T’ + T,’ 

V 

■ N, 


V 


Wx 

ag ^ 


rp ^ Y ,, 


\/ 


TO + T,'' 


-T. 


P V, 

-,r or v 


7T“ + T,^ 
\/— - 


Car 2 —It also follows that if Q be any true temperature, the 
ratio of the volumes or weights to produce that temperature are 

T - Q N v w, _ T - Q 
obtained from the equations ana 


p 


IV. 


Puor. VI. Tm noil. 

The ratio of the numeratoms and specific gravities of two 
homogeneous bodies being given, the ratio of the mass of a par- 
tide of the one body to tl.at of a particle of the other is 
compounded of the direct ratio of the specific gravities and the 
reciprocal of the numeratoms. 

In T)a"e 411 of the last volume of the Annnh, I have shown 
from my^heory of graTilation that the weights of any two sphe- 
rical bodies towards a third, at equal distances, are dii^ctly as 
their quantities of matter; and, consequently, the weights of any 
two bodies towards ajliird at such a distance from this third hat 
their fi<>'ures do not interfere with tlie sums of the gravitating 
weierhts of all their parts, are directly as those sums ;^that is, as 
the ouanfities of matter in the whole bodies. But the weights 
are as the volumes, and what we call the specific gravities con 
jointly ; and tlie quantities of matter are likewise as the indivi- 
dual masses of the particles, numeratoms, and volumes, conjointly. 
The ratio, therefore, of the mass of a particle of tlie one to the 
mass of a particle of the other in any <wo homogeneous bodies, 
when the numeratoms are equal, is equal to the direct ratio ot 
the specific gravities of tlie bodies ; and when the specific gra- 
vffies are equal, to the inverse ratio of the numeratoms. But 
when neither specific gravities nor numeratoms are equal, the 
ratio of the masses of the two particles is equal to that com- 
pounded of the simple of the specific gravities and the reci- 
procal of the, numeratoms. . „t. . .u u- 

* Cor -Because there is every reason to believe that the ulti- 
mate atoms of all bodies are composed of the same kina of ma^ 
ter, the magnitudes of the constituent particles iff ^dies, it 
similarly composed of pores and solid patts, will to# stgiie 
ratio as^ the masses of the partocles. fW;, 9 ne r^£. therdore, 
being known, the other becomes knO^ j rf 
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the figures of the particU s are siuiilar, the ratio of their diame* 
l«^m beeomes known, which is the siibtripiicate of the ratio of the 
MEiagnitudes. 

It is to be observed that it is not necessary for the equality of 
the ratios of the magnitudes and masses of the particles, that the 
particles be composed of similar atoms similarly arranged ; it is 
enough if the quantity of solid matter to the quantity of pores 
in each particle has the same ratio. 

SchoUnm. 

Mercury^ according to the best experiments I can meet with, 
has a specific gravity about 13‘6 times greater than tfiat of dis- 
tilled water ; therefore, the mass of a }>article of mercury is to 
tlie mass of a particle of water, supposing both homogeneous 
fluids, and that the experiments related by Dr, Henry are right, 
in a ratio compounded of that of 1 to 13*5, and that of 1 to 2, or 
in a ratio equal to that of 1 to 27. A particle of mercury con- 
sequently contains 27 times more solid matter than a particle of 
water; and, if the conditions in the ])receding corollary are ful- 
filled, is 27 times greater in magnitude, and three times greater 
in diameter, which agrees with what 1 have stated p. 406 of the 
last volume of the Anrtah, 

That water has really more particles in a given space than 
mercury, and that it is to this its supposed superior capacity for 
heat is owing, may be made evident from our principles in a 
general way thus. Water and mercury mixed in equal volumes 
always produce a temperature nearer to that of the water than to 
the temperature of mercury. But by our theory of heat the 
temperature of a body is measured by the intensity of the motion 
or vibration of one of its particles. When, therefore, portions 
of two bodies at unequal temperatures are mixed together, the 
temperature or mean motion of a particle of the mixture will 
deviate less from the temperature or individual mean motion of 
the greater number of particles than f rom that of the leBS ; and 
consequently when equal volumes of two bodies are mixed that 
body will have the greatest number of particles from whose tem- 

{ )erature the temperature of the mixture deviates the least* 
leiice, therefore, water has a greater number of particles than 
mercury, c 

Now^ if mercury has a less inuneratom than water, and the 
spejcific gravity of mercury be greater than that of water, the 
mais of a particle of mercury must exceed that of a pailtcle of 
water. 

This last inference might be demonstrated in a; different way 
by othe^ principles, which will at the same time presents us witb 
an ;(^Iegant ana a4)eautiful illustration of the coiacidtece and 
agreemeil^f apparently the most independent and unconnected 
parts of gimeral thooty of the univers^ 4 shall at present 
merely ^abject in a general way, and aball not stop 




■■i 

% 


f 
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to «nter into it mathetrtatically, .because at som« fatin-#p«n&d it 
may come fottb connected with investigations of a tnooh mom 
general and abstrase nature. According to om- theoiy of heo^ 
it is the motion or momentum of each particle of a body, soidt 
not the velocity which measures the temperature of the body*. 
A particle, therefore, which is greater than another indicating 
the same temperature, will have a less velocity in the invera® 
proportion of its mass to the mass of the other particle. But by 
what I have shown in p. 408 of the last volume of the Annah, 
the tendency of one spherical particle towards another is,c(tteris 
paribus, as its mass ; the greater the particles, therefore, of any 
body, the greater will be their mutual cohesive tendency. Con- 
sequently ,%f other things be nearly alike, and one body be comH 
poLd of greater particles than another, the particles of that body 
at the same temperature as the other will not only have a less- 
vibratory velocity, but will have a greater cohesive tendency ; 
on both of which accounts the maximum range of separation of 
the particles, or, which is the same, the expansion of the body 
due to the temperature, will be less in the body with the greater’ 
particles than in an equal volume of the body with the less parti- 
cles. And because this is the case for any common tempera- 
ture, it is also the cas< for any common increment or decrement? 
of temperature ; and, therefore, the greater the particles of any 
body, the less will be the expansion or contraction of a given 
volume of that body for*a given increment or decrement of tem- 
perature. Hence the expansion of mercury being less thp that 
of water for a given increase of temperature, the particles of 
mercury are greater tht,n those of water. _ ‘ 

From these considerations, we infer that bodies which are the* 
most expansible by heat have in general the greatest numeratom.- 
For as the greater expansibility is an argument of a less magni- 
tude in the particles, so the inferiority in magnitude is an argu-i 
ment of the excess in number irf a ^ven space. This rule, m 
well as the preceding, is not, however, to be considered as uni- 
vereal. Philosophers will not expect where there is so great a 
■variety of formation and constitution as In the numerous bodie® 
we are acqumnted with, any thing in the shape of universality.^ 
That we have approached m this general inference pretty near 
the truth may be gathered from the following observatioa®' 
deduced from pbrnnomena in “ Davy’s Elements of ehemieal 
Philosophy,” p. 77. “ In general,” says Sir H. “ it appm^ 

that the substances most expansible by beat are those 
have the greatest capacities. Thus gases in general hate great^ 
capacities <iu|u fouds j and fluids than solids ; but tiie exact 
has not %et been determined.” This greater capn^fy* in itif 
implied sense evidently coincides tvitii our greatefr^fBaWTOMIlef 
but it is by no means a general trutfe that tlmnBliieeMjl^^ 
is .greater than 'tliat’ef solids and- floral 
tbe'case.' ■Sir-'®; has ‘here’ wanifeitlif^^^jN^ 

New Series, vol. ii. e ^ 
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m referred to equality of weight. In this sense aeriform bodies 
bave generally a much greater influence on temperatures than 
solids and fluids. For instance, if a given weight of any body 
be immersed in a given weight of any gas or air at a given difi'er- 
snce of temperature, the effect on the temperature of the body 
will be much greater than if an equal weight of any solid or fluid 
with the same difference of temperature had been mixed with 
the body, taking for granted, in both cases, that no chemical 
Uiction interferes. The reason of this will appear in the course of 
our subsequent inquiries. In the mean time, however, it may 
be anticipated, that even with aeriform and solid or fluid bodies, 
there is no reason for believing it a universal, though it be a 
pretty general rule, that the number of particles in a given weight 
of air shall exceed the number of particles in an equal weight of 
the solid or fluid from which it is derived. Thus in all those 
bodies which explode with an increase of temperature, if there 
be no solid or fluid residuum, 1 have no doubt experiment w ould 
prove that w hat is called the capacity is less in the air than in an 
oqual weight of the solid or fluid. We shall, however, as we 
proceed, have to develop our reasons for this more fully. 

We are now prepared, by the help of the principles here 
developed and those given in my last paper, to carry our inquiries 
to a much more interesting and extended length ; for as the 
immeratoms of gaseous bodies may be determined by ascertain- 
ing their capacity,’’ and since the ratio of these numeratoms 
may also be found by our theoiy, p. 403 of the last volume of the 
Annals, on the supposition of the homogeneity of tlie gases from 
their specific gravities, we can, by compa,rjaig these ratios, ascer- 
tain the relative purity or impurity, or rather the relative homo- 
geneity or unhomogeneity of the gases. And if we again 
compare these numeratoms of the constituent gases with the 
nimaeratoms of the body they compose in the vapourous, fluid, 
and solid states, determined in the manner hereafter described, 
we may penetrate into the inmost recesses and operations of 
nature ; we may unfold to the view the relative proportions of 
the elementary parts to form a particle of the solid, and likewise 
a particle of the fluid and vapour; and again, by comparing 
those with the like things of the same elements of another body, 
and with other phaen<;»mena of the two bodies, as their relative 
degrees of compactness, affinity, chemical effects, &c. it does 
not seem impossible even to ascertain the very figures of the 
constituent particles and atoms. Of such extensive and recon- 
dite inquiries, however, philosophers will hardly expect of me in 
the present instance any thing more than the hint. From those 
who are better qualified for speculations of this kind, the world 
may hereafter derive investigations suitable to the utility and 
imwrtancf of the subject, and supported by all the evidence 
atnd rigour of mathematical demonstration. 

Before I quit this part of the subject, it is necessary just to 
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mention a circumstance which seems to confirm our general 
conclusion, though it must be confessed that the fundamenfal 
experiment was of too delicate a nature to elicit an implicit eCHti- 
fidence. Crawford found that the capacities of eqtml 
weights of oxygen and hydrogen have a ratio of about 1 to 
By our theory, the numeratoms of oxygen and hydrogen on the 
supposition of their homogeneity are (p. 403 of the last volume 
of the Annals) as 4 to 1 ; and, therefore, the numbers of atoms, 
or Crawford’s capacities of equal weights, are as 1 to 4. From 
the near agreement of these ratios, we should be led to infer, 
that oxygen and hydrogen are homogeneous gases ; and if they 
are, the experiment and theory may be esteemed a mutual con- 
firmation of each other. A similar confirmation of the general 
truth of our theory may be found in some of the other gases ; 
but until some more unexceptionable experiments on the 

capacity ” of the gases are obtained, it will be useless to pur- 
sue a numerical comparison. One thing, perhaps, the attentive 
reader will observe in these deductions very opposite to what I 
anticipated in p. 403 of the last volume of the Annals, namely, 
that if the experiments can be correctly made, we may, by di*’ect 
experiments, ascertain the relative number of particles in any 
two gases ; for the proportion of the capacities ’’ applied to 
our temperature, will give the proportion of the numeratoms of 
equal weights whether the gases be homogeneous or not. 

Having extended oiir theoiy of the mixture of bodies which 
do not act chemically on each other as far as I think it needful, 
it may be expected that I should enter into a critical investiga- 
tion of the accuracy «f the doctrine of “ capacities,’’ and show 
the experiments by which it may be directly refuted. Such 
things are by no means diificult to do, but as at the end of this 
paper I have some idea of examining the soundness of our pre- 
sent doctrine of Latent Heat,” I shall reserve any observations 
I may have to offer until then; and, if it should appear neces- 
sary, put them out together. 

1 might now extend my incjuiries to the mixtures, numeratoms,, 
&c. of three and more bodies ; but as these things easily flow 
from what has been said of two bodies, it would be more an 
object of curiosity than utility to carry the investigations any 
further. Before 1 attempt to draw the at1>ention of philosophers 
to the simplicity and fecundity of this theory, I shall proceed to 
a development of the phaenomena attributed to the celebrated 
doctrine of Latent Heat,” 

( To he continued*) » 
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Article VIIL 

On a Method of expresmiE Chemical Compounds hy Algebraic 
Characters, By Mr. Charles Sylvester. 

(To the Editor of the Annah of Philosophy,) 

MY DEAir STK, 60, Great Russchfiirccf, 

I HAVE often, in conversation with you, mentioned the want 
of some easy and simple mode of expressing chemical com- 
pounds, at once showing their elementary constituents. It is 
well known to mathematicians, that if the relations of quantities 
under various circumstances had to be expressed by common 
language, it would be a task so laborious as to render most of 
the operations of analysis impracticable. The notation which I 
would adopt for the expression of chemical coinpounds is pre- 
cisely that employed in algebra, excepting that I would use 
Bbne of the signs bat that of equality, and tliat should be used 
only to express tlie equality of all the elements before and after 
decomposition. 

The weights of the atoms of the different simple bodies I 
would represent by letters of the alphabet, not permanently 
fixed for each, but assumed discretionally, as is the case in 
algebra, stating beforehand wliat letters shall be used for 
each elementary substance in comparing tlie bodies which are 
the subject of exantination. These letters I would use to 
express the compounds precisely as in i,reg( ibraic products, by 
placing them together as in forming a word, when the same 
letter would be repeated in a compound, which would be 
Ae case when more than one atom is combined, I would 
Use an exponent, which is. a small figure placed above 
ihe letter a little to the right side expressing the number of 
atoms ; as, for instance, if a and b w ere to represent an atom 
eiadl of a body, the compound would be expressed by ab ; but 
if two atoms of a had to combine with b, then a'^b will express 
such a compound. 

To make this a little more familiar, w'e will assume a to be 
azote, c carbon, o oxygen, h liydrogen, p potassium. Then we 
fehall have ao nitrous oxide, ao'' nitrous gas, ao* nitrous acid, 
and ao^ nitric acid. In the same way co is carbonic oxide, and 
co^ carbonic acid. The whole of the compounds of these de- 
ments w ill be as follow's : 

aa nitrous acid, 
nitrous gas, 

# ao* nitrous acid, 

> ao^ nitric acid, 

(ao^) (Po) nitrate potash. 
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(wo'’) («./«'’) nitrate ammonia, 

(CO®) (Po) carbonate potash, 

(co®) (ak"-) car1i)onate ammonia, 

(ro®)® (Po) bicarbonate ofpotash,* 

/(,o water, 
ah' ammonia, 


po. ■. 

CO carbonic oxide, 
co' carbonic acici, 
ch olefiant gas, 
ch- carburetted bydrogen. 

In order to give some idea of the facility which this notion 
affords when chemical decompositions take place, we will give a 

few examples. ■ , u ^ i * 

The decomposition of nitrate of ammonia by heat used to 
obtain the nitrous oxide would be expre.ssed as folio vys : (ao') 
{ho)', which is two atoms of nitrous oxide, and 
three atoms of water. At one view, it will be Sf.sn that the ele- 
ments are the same on each side the> sign o ^ equality ; and u 
nuiubers be substituted for the letters, ad<l them together on each 
side and the sums will be equal. In insta ices where mutual 
decomposition takes place, the sign of equality is made to 
separate the quantifies before and =after decomposition. In the 
action of chlorine upoTi a solution ol potash, let (. = chlorine. 
Then (/m)' (po)” = (C/i poY (Cu" ]>) = four atoms of muriate 

of potash, and One of chlorate of potash. 

When chemical cWiiige.s take place among gaseous bodies, it 
is common to state their proportions by volumes. 1 his will be 
easily managed when the speciftt; gravity of the gases are known. 
This” can be” ascertained liy experiment; but some very curious 
fads liave lately cuino to light, showing a remarkable connec- 
tion between tlie Si.ecific gravity of a gas and the weight ol its 
atom. When hydrogen is made uoity, the weight of tlie j^tom 
of a gas is eitiier equal to the specific gravity, or some multiple 
of the same by a whole number.t • 

The following table will show the weight ol the atom and the 

specific gravity : 



A toms t 

8p. Gr. 

Oxygei) 


.... 0- 

Hydrogen 

h 

.... h 

Azote 

a 

.... a 

Chlorine 

* c 

• • * « C 


• This parenthesis is used to .Ustinguish the acid from the base; and ’vhennwre 
one atoin of acid occurs, an exponent would be used. Indt^ where no expo *n 
used, it must be conceived equal to 1. Then « = (co ) =» (eJO . _ 

t The relation ot'the speciL gravity to the weight of the atom out ^ 

Ion, Dr. Henry, and to I>r. Thomson, long before the account pf^it was publiiaaed Ibjr 
Dr. Prout k Thom»onV.*4iwM#. 
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Carbon 

Atoms. 

c 

Sp, Gr. 

Sulphur 

s 

• • • • 

Phosphorus 

f 

• • • • 

Steam 

oh 

.... oh 

Nitric oxide 

ao 

.... ao 

Nitrous gas 

ao^ 



Muriatic acid 

Ch 

.... (CA)^ 

.... CO 

Carbonic oxide 

CO 

Carbonic acid * . . . 

co^ 

• . « • ro ’ 

Sulphuret hydrogen .... 

sh 

.... sh 

Phosphuretted hydrogen 

¥h 

.... FA 

Ammonia 

ah- 

(ah^)^ 

Olefiant gas 

ch 

.... (chy 

Carburetted hydrogen . . 

ch' 

.... ch'' 


If the ratio by -weight of two gases, which act upon each other, 
be known, the ratio of their volumes may be knowai by multi- 
plying the ratio of their weights by the inverted ratio of their 
specific gravities. 

In forming w'ater, the ratio by weight will be and the ratio 
ef their specific gravities will be and inverted is - . Hence - x 

« O* k 

~ which is one volume of oxygen to two > olimies of hydrogen. 

It will be seen that in reducing the above ratios, it is only neces- 
sary to take away the letters, and leave the exponents ; as in the 

•above x = J- x i = J. as before. 

The ratio by weight of oxygen to carbonic oxide will be 
£, or 0 to CO. The inverted ratio of their specific gravities will be 

,ltien - X - = .f X I = one volume of oxygen to two of 
carbonic oxide. The ratio of oxygen to olefiant gas is Then — 

ichf 

X =■ f X -« = three volumes oxygen to one olefiant gas. 
Oxygen to carburetted hydrogen = — . Then — x -~ = 

J X * = which is two volumes oxygen to one of carburetted 
hydrogen. In order to see what quantity of oxygen will be 
required for the saturation of an inflammable gas,' write down 
’the gas first, as in olefiant gas, ch ; then it will be seen that 
4; the carbon will want two atoms of oxygen, and k the hydrogen 
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one atom: hence it will be £ for the ratio by weight. In the 
same way c¥ carburetted hydrogen will want two for the carbon 
and two for the hydrogen = four, making — . 

In some chemical investigations, it is found necessary to have 
recourse to real algebra ; in which case the same means may be 
enmloved to represent the atoms and volumes. An instance ot 
this kind occurred to me in reading a very excellent paper by 
Dr. Henry upon the gases used for illumination, read betore the 

RoyalSociety, Feb. 22, 1821. t i ti « r.1f. 

After by his very elegant process, he has separated the ole- 
fiant gas, by means of chlorine, he states tlmt the proportions of 
the residual gases have to be estimated Irom the joint data of 
the quantity of oxygen required to saturate the gas, the qua- 
lity of carbonic acid produced, and the specific gravity found by 
experiment, which was -534, common air, being 1, or unity. In 
exaniinino- this method 1 found that the datum of the sp. gr. is 
aiot necessary to find the proportions of the 
which are carburetted hydrogen, free hydrogen, and carbonic 
oxide The oxygen which 100 volumes of the inixed gas 
required was 110 volumes, and the carbonic acid produced was 

^\wietx- = volumes of carburetted hydrogen in 100 volumes 
of mixed gas ; y = th^ hydrogeii ; and x = the carbonic oxide- 
Then i; + y +‘ « = 100 the quantity employed. 

Then sirice x will take 2 a volumes of oxygen, y .y 
and 2 y volumes, -ye shall have 2 x + -jy + t* j 

The carbonic acid produced by a will be equal to x, and that by 

z equal to z. 

Therefore x + ^ 

Hence we get the three following equations : 

q. , = 100 

2 X + y + y = 110 

.r + Z = 70 

By subtracting the third from the first, we get, 

3, = 30 

The second, multiplied by 2> gives, 

4 q. y + a; = 220. From this subtract the first, 

X y ^ “ 1 Q O 

This gives 3 x = 120 

Hence x = 40. And since a: + 40 + 30 = 100. 

Therefore 2 = 30. . , t, « , . 

These numbers are the same with Dr. Henry s. ^ 

If the datum of the specific gravity be employed, one ot.fftft 
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others mav be left out. In this case, the specific gravity being 
taken at -534, will not give the result exactly as above. Hence 
the above formula becomes a means of finding the exact specific 

gravity, which will be -6347 . lam, yours tnily, 

» C. Sylvester, 


Article IX. 

Ow the Cjcolo^fcnl Foniuitiiyfis of Hefidcii 

^Wiaht, By G. B^ Sowerby, FLS. 

(To the Editor of the Annah (if rinlosophi/.) 

SIR, 

The combined eflbits and abilides ol a most respectable Q-i^d 
learned Society have been exci ted ibr some years in the ceiuse of 
gepiogical science ; tlieir attention has been directed to tlie care- 
iuf exvimination of various interesting districts; facts of vast 
importance have been ascertaiiK*d, and the volumes of their 
Transactions are stored with considerable and useful informatmu 
upon the various points in connexion with, and generally leading 
to the discoverv of, truth in their pursuit. Notwithstanding, 
however, the zeal bv which their exertions have been stimulated, 
,and the great degn'e of labour witli which they have been accom- 
panied, it will, 1 think, ajipear to any relh o.ting mind, that then. 
fjuccess,and the consequent increase of geological kriovvledge, is 
not proportionably greait. We are but just arrived at that stage 
in w hich we begin to discover the existence, and to estimate llie 
extent, of our ignorance— ignorance rather the result oi wiltul 
negligence than of unavoidabie necessity, in su])j>uit of ibis 
opfnion, 1 wall appeal to that reply wliich must, lie given to the 
following plain e|uestion : liow- can any person know the natuie^ 
of any stratum, until he ha\e taken the pains to make himself 
acquainted with its constituent parts t For instance, can any 
person decide upon the natuje of amass of granite until he knowr 
how^ to distinguisli among minerals the three substances of 
which it is composed ! How can any person decide confidently 
on tlie nature of a shelly stratum, unless he know whether the 
shells which characterize it be land, or freshwater, or marine . 
The undisputed importance of geological investigation renders it 
extremely desirable to collect the most undoubted evidence of 
facts as they are, before we can hope to arrive at any thing like 
certainty in the conclusions we may be disposed to draw from 
them. Every particle of information that can be gained is, 
therefore, of some consequence. These are my reasons for 
|li*oubling you with the following observations collected during a 


qfHeadetkIUll,MeofWight. 

" i» f pvamination of Headen Hill, in the Isle of Wight, winch, I 
it has been impossible for me to complete owmg to the 
xegrtt,^ ^ o/^tprl npriod it was in. my power to allot to the pur- 

very !t is weU known, has been repeatedly examin^ 

111 in(> secouu visit to it was to collect 

Society, rhe there, for the illustration 

the fossil freshwater “J-aW on Laud and 

of that part of the bv De l^rnssac. 1 wished 

alV«itted of 'Li!dii| gone there with of 

vertical cl.fis is such as 

„l,,„ge» ... . ,c lotm o • ..a of Iha W.w.ta 

opiiHovi, that trooi tlie chcuk ^ -nncititino’ of various 

Stratum, the whole i.s ’'”j upon reviewing 

1„ ds of sand and clay, indeed .\.i. ^ ’ . X jj ^nd 

SaESESSSIsiS 

separate it into two great dnisions . 1. e a ^ I 
I oudoii clay. From the irregulanties m the beds i 

but he goes^n to 'say, “ thus much is 

clay and sand are always miow, and never « me, the London 
clay.” But it appears to me that he li^ himself to ed 
of London clay, which he marks d, m Plate X • , ’ 

Trans, very near to the ‘^'^^Ik, and placed^below the gre^ 
of the beds of plastic clay and sand, which are 
by the bed of Lndon cfay marked ^ ^ 

true he advances an opinion that the bed marited d JS nht oon« 
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nuous ; and he speaks of the nodules contained in it as lime'* 
stoney^ as if he did not think it identical with the London clay. 
But here I must object, first, that there is just as much apparent 
continuity in that bed of clay as in the one marked B ; secondly, 
that the nodules in it are exactly of the same nature as those ne 
calls septaria in the stratum B ; thirdly, that the fossils found 
in these septaria in stratum d are identical with those constantly 
fouxid in the London clay almost wherever it occurs. 

I beg leave to state one more fact connected with this 

lowest * marine formation above the chalk,’' the singularly 
disintegrated siliceous pebbles found in the white sand marked 
//t: also occur in the white sand D, which, according to Mr. 
W. forms the bottom of Totland and Colwell Bays — a fact fur- 
ther confirmative of tlie identity of the sand and plastic clay 
with the London clay. I may also add that similar pebbles have 
been taken up, attached to septaria at Highgate. 

The next stratum upon which I shall trouble you with some 
observations is that announced by Mr. W. as an ‘Mipper marine 
formation,’’ which, he says, contains a vast number of fossil 
shells wholly marine'' Though the evidence which I must here 
produce is not sufficient to prove this formation to be not marine,, 
yet it will go very far towards producing the conviction that it is 
not wholly marine, and evince the probability of its being a 
freshwater formation, or, at least, the produce of an estuary, in 
\vhich, owing to some peculiar vicissitudes, some marine produc- 
tions have become mixed with those of freshwater. 

It appears proper for me to begin by observing, that notwith- 
standing Mr. W . has said of this stratum, tbaC it contains wholly 
marine shells ; yet in the list of those shells, he mentions five 
species, though two of them with doubt, of three genera, which 
are known to exist in a recent state only in freshw^ater; viz. 
Cyclas, 1 ; Ampnllaria, 2 ; and Melania^ 2, He mentions, but 
also with doubt, a genus of which all the recent species known, 
are land shells, viz. lleUcina. Of the remaining species which 
he mentions as being found in that stratum, I will not presume 
to say absolutely that the following do not occur, but, 1 think, 
some of them are wTongly named, and others I do not believe 
are to be found in it. iDerithium lapidum or lapidorum ; ancilla 
buccinoides ; murex retjculaius ; natica caurena. There exist 
in it, however, in great profusion, a species very much resembling 
Qerithiura lapidum ; but this, with the remaining six species, 
which he gives under the generic name cerithium, may very 
l^rohably be freshwater shells. Theil recent analogues are found 
m the fr^shwaters of the Islands of Bourbon, Guadaloupe^ 

• I think the following observations will prove this to be, strictly speaking, the only 
'mafine fonnation above the chalk at Headen Hill and Alum Bay. 

+ Whether this sand have changed its place since Mr. W^ described it, or whether W 
some accident or mistake he placed it wrongly, I know not; but it w now seen to the N. 
of tilt most litaiitifally coloured bed of sand and day* 
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Madagascar, the River Congo, &o. There is also (omd ia 
creat profusion a species of freshwater shell very like one 
Lown by the name of melanopsis buccinoides, and which, i 
think Mr W. may have mistaken for ancilla buccinoides. * Ihc 
only shell I can find in this stratum which at all resembles murea 
reticulatus is a small but beautiful species of melania. 1 nave 
mentioned above my doubts about natica caurena being f^nd 
in this stratum. I think a true freshwater nenta nearly related 
to Viro-inea may have been mistaken for it. It is remarkable 
that thts nerita retains its colours almost as strongly as the recent 
shells of North Virginea; it is very abundant, and with the 
melanopsis abovementioned, and some others, it is found m 
blackest coal-like layers of the formation, the shells in which 
are almost always in a very tender state, and fall to 
slightest touch. 1 do not know the shell which Mr. W. calls 
cytherea Scutellaria ; neither am I acquainted with his bivalve, 
apparently of the genus erycina,” or his “ murex nodulanus. 
The cytherea and the erycina may possibly be cyclades or 
cyrenai, and the murex may prove to be a melani?. Ut these, i 
cannot say any thing certainly, not having met with them, the 
few marine shells I found were principally opters ; a spepes of 
buccimim, vdluta spmosa, and ancilla subulpa ; the last tniee 
very sparingly indeed. Of these 1 should have found it more 
difficult to dispose, had not Mr W. informed 
sional mixture of marine and freshwater shells may be ppccte , 
and that “ they would denote either the gradual nature of the 
change that has taken place in an arm of the sea befoie it 

becaine completely a Take of freshwater, or the occasional mrup- 

tions of the ocean at a subsequent permd. 1 mpt, 
observe, that the oysters are only found hpe and there in smaU 
patches, and that they are not only mixed with tlmse of whose 
freshwater nature it is difficult tQ speak decidedly but wiffi lym- 
7 im and paludhia', which Mr. W.has not noticed in this strapm, 
though, I believe, he has noticed the same species of paludnm, 
under the term cyclostoma. in the freshwater formations. 
This is very abundant in some parts of this stratum, ana is 
accompanied, also, by the shell wliich I suppose to be potamides 
Lamarckii,* one of the commonest in the stratum. 

1 think I have now nearly proved this stratum to be rather ot 
freshwater than of marine origin. Thus much is certain, tlmt by 
far the greater number of shells found in this stratum are res 
water, and not marine ; so that “ if we depend upon fossils as a 
principal means of identifying strata,” we shall see greahre^on 
to believe there does not exist any marine formation between 

• I may be mistaken about the name of this shell, because 
taining it iith certainty, Mr. W. not having referred to any ^npt.on ^ I 
jecturc it to be so fr«u its resemblance to ? 

characters of mne sheUs which I know to U inhatatantt of ftedHralW, M* •»»* 
bling cerithia. 
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the two freshwater ones, which Mr* W, designates as such^ con- 
sequently that there are only known at Headeu Hill, or Aluna 
Bay, two distinct fonnations above the chalk ; first, the sand and 
plastic clay, including the London clay ; and second, the fresh- 
water formation, consisting of several beds varied in their 
contents. 

There is some reason to believe that the Woolwich beds may 
be cotemporaneous with tliis upper marine formation;’^ for 
many of the shells contained in it are species of freshwater 
genera. That of Plumsted is much more evidently a marine 
formation, if we are to form our judgment from the shells it 
contains ; but I cannot see any reason for supposing the crag'’ 
to be identical with either. All the fossils 1 recollect to have everv 
seen from it are decidedly marine, and the formation bears 
evident marks of identity with afluviuin. 

I shall close these observations with two upon the shells 
contained in abed of clay, 11 feet in thickness, placed over Mr. 
W.'s upper fVesliwater formation, and wliich, he says, are 
nnmixed with any other species, and of sucli a singular charac- 
ter/ that Mr. Parkinson could not refer it to any known genus* 
First, I cannot say it is absolutely mixed with any other species 
here; yet there is within a foot and abooc it a bei of ironstone, 
tw'o inches thick, on both sides of which are immense quantities 
of the same paludina as is found mixed with lymiimi in some 
parts of Mr. W.'s upper marine. Secondly, in generic charac- 
ters, the small bivalve shell in question very nearly resembles 
corbula; but, though tlie hinge cartilage is^internai, and the two 
valves unequal, as in tliat genus, yet ther^'^ire some dificrences, 
and tliere is strong evidence of its fresli water origin about the 
unibones which are eroded. Its recent analogue is described 
under tlie name myalabiata, and figured from the Rio de la 
Plata in the Transactions of Linnvean Society, vol. x. to xxiv. 
f. 1, 2, 3, p. 326. Yours, ike. 

G. B. Sow Eli BY. 


Article X. 

On Arragoniie. By the Rev. Dr. Daubeny. 

(To the Editor of the Atiuak of Philosophy. ) 

SIR, Magilnlrn CoUegc^Orfirrdy Jidfj 

Dp. Clarke, of Cambridge, in his ijapev on Arragoniie, pub- 
lished in the last number of the Aiinats of Philosoplit/y remarks* 
that “ although Eirwan, 27 years ago, conjectured that this 
mneral contained strontian, artd Prof. Stromeyer, of Gottingen, 
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j fetrontian ki some of the siib-varifities, J®* ^ 

^SnB to be proved whether this earth be an essefiltial, m oi% 

* £ ‘i’e abwe sentence, .» well n, from Ae sileM 

nf tte iontnnls which 1 am in the hab.t ol pe™"?, that tte 
recent jKOeriments of Professor Stromeyer on this subject are ik^ 
lTneraHv?nown in Great Britain ; and, under thm nnpression^l 
generally ant l,,,vin*>- visited Gottingen last summer, m 

re'c'o^i^rrtoni tinon^^^^ .f GeJntany, I had .e„e 

iraSi by hint thaAc ha, I lately analyicd no Icaa 
fv>\n 18 varieties of arragonite, several of them caret ully selected 
from the very localities with those whudi, under the ^ 

r . vnerimenters had afforded results so opposite; and that 
:t;,ZT cSc,,lio», had yielded .traces of stront.an a 

®'tE “ol'S’'’Scel;Sn «a, the “ coralloidal variety,” or 
florii tti ” m whicllno portion of the earth m quest, on could 
, ^ f* fr..!-!., fict which may be alledged m corroboration of 
be detec c *■ « ' ( 'larke to the same effect, from the 

the argument “^.,5;; from i simulla- 

morpeas Willi that by whmh calcareous alabaster (a mineral 

ihi^ from the crystalliJed varieties of arragtmite, as the latte^ 
tJm f o«y» I <.,ontain strontian as a constairt 

according affected by the greater or 

^'Ihll^TlmltrtATe^n^r or.t 

Without however pretending absolutely to decide whether 

the discovery of stro^^^^^ 

to the general law of the admitted, that unless 

fr — TSeling the aufho’rifv of Stromeyer m 

those departments of Chemistry, to ‘ ^ 

andTiqSin XhlvTcUra^ the positi^ 

asSrtion of this eminent chemist must, according t® 

"‘’l sCSlddTafA^^^ slromt^S presented me with a paper 
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contaimug the results of his principal analyses of arragonite, 
which I htwi intended sending to some scientific journal on my 
return to England ; but as it has been unluckily mislaid, I must 
rely on the candour of your readers to receive these facts on my 
word, with such allowances as the circumstance of my stating 
them upon recollection, and not from notes, naturally call for, 
although I am pretty confident as to the accuracy oi the more 
material paits of the information. 

I have the honour to be, &c. &c. 

Charles Daubeny. 


Article XI. 

On a Crystalline Suhlimate from Oil of Cinnamon, 
JBy Mr. J. A. Turner. 

(To the Editor of the Annals of Philosophy,) 


SI R, Nor'wtch. Jvhf 9, 1 821 . 

Some time since I observed on the sides of a bottle, about a 
quarter full of oil of cinnamon, a curious crystalline appearance; 
and as I have not been able to find any account of a similar 
circumstance, 1 was induced to think it might, perhaps, be 
worthy a place in your Annals, 

The crystals, which were iieedleform, were arranged in a most 
beautiful arborescent manner. Light appeared to influence their 
deposition, as the sides next the wall against which the bottle 
stood had only faint delineations. 

The quantity of crystals I was able to obtain was very small 
(not more than a grain). They possessed the properties of cam- 
phor; they had the cetaceous' feel of camphor between the 
teeth ; the taste I could not distinguish on account of the oil 
which adhered to them, and from which (in consequence of the 
smallness of the quantity) I was unable to free them. Alcohol 
dissolved them ; the solution evaporated spontaneously, left 
behind a white powder, which was redissolved in alcohol ; and, 
by the addition of vvatcv, a precipitate was formed. 

The cause of its volatilizing and ciystallizing on the sides of 
the bottle, beginning at the very surface of the oil, still remains 
to be accounted for. Should you be able to explain it, you will 
much oblige Yours respectfully, 

John A. Turner. 
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Article XII. 

Astronomical Observationsy Aug. 1821. 

By CoL Beaufoy, 1?RS. 

Bushel^ Heathy near Stanmore. 
latitude 51® 37' 44*3" North. Longitude West in time I' 20»93". 


Autr. 4. Immersion of Jupiter’s second J 1 1*‘ 04' 31" 

^ satellite........ 05 52 

Ain;. 11. Immersion of Jupiter’s second 03 42 25 

satellite 

Aug. 14. Occultation of X (Immersion 8 48 17*8 
A<j^uarius by the moon ^ Lmersion 9 37 16 0 


) Mean Time at Bushey. 

> Mean Time at (ireen,wich* 

i Mean Time at Bushey. 
Mean Time at Greenwich. 

I Mean Time at Bushey. 


The immersion of x was instantaneous, and the time certain 
to one second. Dew having rendered the object glass of the 
telescope somewhat obscure, the emersion was not so accurately 
determined. The observation of the immersion confirms my 
former opinion, that the moon is destitute of an atmosphere^ or, 
if surrounded by one, it is very dissimilar to the terrestrial. 


Aug. 18. Immersion of Jupiter’s first 5S' 53" 


mmcrsion or .mpucr » ( 1 » - j. : - , 

satellite J * 2 0 14 J Mean Time at Greenwich. 


) Mean Time at Busliejr. 

5 M - " 


•« Article XIII. 

llemar/cs upon Mr. Ilerapath’s J heart/. 

(To the Editor, of the Annak of Philosophy.) 

SIR, 

In offering a few remarks on the very ingenious theory pro- 
posed by Mr. Heranath in some late Qumbers of the Annals, 1 
fcesr to clisclaim all wish for controversy, and to profess myself 
actuated by no motives but the desire of contributing to the 
advance of truth ; and, therefore, trust that both Mr. Herapath 
and other readers will regard these anilnadversions with can- 
dour; and whether they shall be found to possess any claims to 
attention or not, will view them, at least, with impai^aUty. 

The only part of his investigations which 1 shall at present 
make the subject of observation is that which relates to some 
particulars in the physical properties of gases, and the theory of 

heat, , , . . 

In Prop. Vin. Mr. H. endeavours to show, that supposing in 
two portions of the same gas the numeratoms are equal, toe 
elasticities will be as the squares of the temperatures, ihe 
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principal step on which his proof depends is, that the elasticity 
Wries as the momentum ot' the particles x the number of 
returns. We may certainly grant that the elasticity varied as the 
action of the particles against a given portioii of the surface con- 
taining he gas, hut it may fairly be questioned whether this 
action can be measured by the momentum x the number of 
returns. The momentum must.be the mass x the velocity, and 
the velocity and the number of returns seem to be the same 
thing; so that the same factor is introduced twice ; and hence 
the square of the temperature, instead of the simple temperature, 
results. 

In Prop. IX. and its cors. which depend upon the last, he 
asserts, in a somewhat positive manner, that MM. Dulqng and 
Petit are mistaken in the result drawn iVoin their experiments ; 
but without entering upon any examination of their reasoning, 
and solely on the authority of his own theory. Tints even 
granting the validity of the proof above considered, lieisassum* 
mg an hypothesis producing a result at variance with experi- 
ments (by his own confession), and m consequence rejecting the 
experiments. 

The third cor. to Prop. IX. appears to contain an expression 
which stands much in need of elucidation. jMr. H. says, that 
the ratio of the temperature of freezing water to that of boiling is 
as 6 to 7 nearly. In a former paper on this subject, published 
in the Armais for July, 1810, he has warned his readers that lie 
does not use the word temperature ” in its usual sense, 
thougli he by no means makes it clear in what sense he does use 
it. The only sense which the expression to me to admit 

in this place is, the heat which has been communicated to a 
body above that wliich can be conceived an absolutely cold 
state; and then the proposition must imply, that the gas has 
gone on expanding by successive communications of heat from 
a state in which it had no heat at ail; because it is only esta- 
blished on the ground of that theorem which asserts tempera- 
ture to be in a certain ratio to volume ; and this is deduced only 
from experiments made within the limits at which heat expands 
tlie bodies employed ; but both from the law laid down by Mr. 
H. and because heat is the cause which keeps atoms asunder, it 
follows, that when the temperature is 0, the volume must be 0 
also ; or, m other words, the gas must then not have existed. 
Thus by temperature we are to understand a certain degree of 
heat above that which thrown into a nonentity shall expand it 

int^, existence. . r 

lir. H.’s theory certainly affords a good explanation of the 
cause why all gases have a tendency to mix; but it appeap to 
me that the explanation of their mixture on common principled 
does not necessarily involve the contradiction which The pomp 
out. If the state of a body be owing to the repulsion 

oHts particles, and if we Suppose the surfaces or two diffeteht 
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gases to be in contact, then the particles which form the sm-fade 
of each, will, by their repulsive force, endeavour to fly oflP from 
the masses to which they respectively belong ; and they will fly 
off among the particles of the other gas, there being nothing to 
prevent them, till they reach the surface of the containing ves- 
sel ; and this being the case with both gases, they must neces- 
sarily mix throughout the whole space which contains them. 

Of the theorem given in p. 403, our author has not given us the 
least clue to a demonstration. In the Anvals for July, 1816, it 
is given as a cor. to a more general theorem, which, I own, 
appears to me involved in an inconsistency. According to 
Prop. VIII. elasticity varies as the numeratom x •quare of 
temp. By this theorem it is as the square of temp, x the 
square of the numeratom, and inversely as the specific gravity. 

The inference which he makes from hence respecting the 
composition of water appears to be directly at variance with the 
clear result of all experiments. Yet Mr.kl. admits that either 
may be true, or neither, but maintains that it is beyond our 
power to demonstrate which is the case. Ihe established 
doctrine upon this point is surely demonstrated to be the tiue 
one, if any ever was. He alludes to the subject in his paper 
published in 1816; and there says, that the common theory 
takes for granted that equal volumes of any two gases, cmtens 
parihiiSy contain an equal number of particles. T3ut 1 beg to 
sug'gest whether this supposition is at all made. We find by 
experiment that the prcqiortion of 2 hydrogen to 1 oxygen 
good whatever be the volumes we try, and thence we cleanjf 
and rightly jnfer, tha^The same must also be the case when the 
volumes are infinitely small, or atoms ; but it is admitted that the 
atom of oxygen is of greater weight or density, and, therefore, 
contains more matter. Thus Mr. H.^s view of the subject may 
possibly not be inconsistent with the atomic theory. Though 
his definition of atoms is not easy to be conceived (see Annah, 
July, 1816), 1 would propose to his further consideration one 
difficulty attending it. Some atoms, admits, may be com- 
posed of smaller particles; and, therefore, there can be no 
repulsions or collisions among these particles, yet there is be- 
tween the ‘Mittle individual bodies'^ formed by them, and the 
other atoms of the gas; and as they miM all be of the same 
kind, and endued with the same properties, there is a difficulty 
ill conceiving how some of them come to unite, and others to 
repel one another, which needs some explanation. 

The theorem which he gives for the temperature of a mixture 
in p. 403 is left without explanation ; and as the result derived 
from it agree nearly with those from other sources, there^is of 
course very little evidence gained in favour of either theory. 
But the theorem in question rests upon the existence of a point 
of absolute cold ; and, therefore, we must hesitate in adnuttmg 
it till we have made up our minds on that much controvertea 
New Series, vol. ii. Q 
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-point, Mr. H. has not proved that any such point exists ; and 
till that is done, it is premature to think of finding an expression 
to represent it. 

Mr. H. also endeavours to explain those phenomena which 
are usually ascribed to latent heat ; a theory which if any theory 
was ever establisFied by the most direct and decisive experiments, 
and by the most clear and forcible reasoning, must be eminently 
considered so ; yet he rejects it, and attempts to explain the 
phenomena on his own principles : his reasoning, however, 
appears to me inconclusive. 

His principal step is, that two particles in motion uniting, the 
motion af this new particle must be compounded of the motions 
of the others which compose it ; and, therefore, will be greater 
than the motion of either of the constituent parts before aggre- 
gation. 

But it does not follow that two particles, each moving with a 
certain velocity, should, when they unite, necessarily move witli 
a greater velocity. If they were moving in opposite directions, 
and were suddenly united, their motion would cease altogether. 
K they were moving in directions inclined towards each other 
at any angle, they would each lose a part of their motion, and 
the resulting motion would be that arising from the composition 
of the remaining motions of each. But this is taking for granted 
that they unite in such a manner as wiU not aflect their motions 
by the act of union. This, however, cannot be admitted. 

An union cannot take place without some force acting upon 
^^oue or both of the particles. Thus each particle would be urged 
by two motions ; that with which it war/oefore moving, and that 
with which it approaches the other particle ; and, therefore, its 
motion in the former direction must be diminished. 

It is also what, I think, Newton would call ‘‘ durior hypothe- 
sis,’" to conceive that the particles of a solid should move among 
themselves with greater velocity than those of a fluid. 

Thus I have, f hope without offence, stated a few objections 
and difliculties which Ipive occurred to me in reading Mr. Hera- 
path’>s papers. Should these remarks he thought worth atten- 
tion, I may, perhaps, trouble you with a few more on the other 
parts of his inquiries; and with such remarks, if communicated 
with candour, Mr. dl. himself cannot be displeased, as he has 
professed it his wish to excite inquiry and examination into the 
validity of his system. I am, &c. X, 
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Article XIV. 


Analyses of Books. 

Philosophical Transactions of the lioual Society of London for 
the Year im. Part L 


This part contains the following papers : 

I. On the Black Rete Mucosum of the Negro, being a Defence- 
against the scorching Effect of the Sun’s Rays. By Sir Everard 
Home, Bart. FRS. 

The author of this paper remarks, that to ascertain the use of 
the black colour of the rete mucosum in the negro has occupied 
the attention of many physiologists. Sir Everard relates various 
experiments which he performed to elucidate this curious sub- 
ject. From these, I shall select two which indicate the most 
remarkable differences in the power of the sun’s rays upon white 
and black skins. 

“ I exposed,” says the author, “ the backs of my two hands 
to the sun’s rays, with a thermometer upon each ; the one hand 
was uncovered, the other had a covering of black cloth, under 
which the ball of the thermometer was placed. After ten 
minutes, the degree of heat of each thermometer was marked, 
and the appearance on the skin examined. This was repeated at 
three different times. The 

1st time, the thenrT under the cloth, 91° ; the other, 86° 

2d — 94 91 

3a 106 98 


“ In every one of these trials, the skin was scorched that was 
uncovered i the other had not suffered in the slightest degree ; 
there was no appearance of perspiration on either hand.” 

‘‘ ’llie back of a negro’s hand was exposed to the sun with a 
thermometer upon it, which stood at 100° ; at the end of 10 
minutes, the skin had not suffered in the least.” 

Sir E. Home concludes from these and other expenments, 
“ that it is evident that the power ol the* sun’s rays to scorch, 
the skin of animals is destroyed when applied to a black surface, 
although the absolute heat, in consequence of the absorption of 
the rays, is greater.” This fact, the author informs us, was 
explained by Sir H. Davy, by observing that “ the radiant heat 
in the sun’s rays was absorbed by the black surface, apd con- 
verted into sensible heat.” , , t.> • • t 

II. On the Magnetic Phenomena produced by Electricity. In a 
letter from Sir H. Davy, Bart. FRS. to W. H. WoUastoa» 

MD.PRS. , . - 

This paper is printed in the present volume of the An«ats. 

Q 2 
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III. A C ommunication of a singular Fact in Natural History. 
By the Right Hon. the lEarl of Morton, FRS. In a Letter 
addressed to the President- 

Some account of this communication has been already given 
in the Annah. 

IV. Particulars of a Facty nearly similar to that related by 
Ijord Mortom Communicated to the President, in a Letter from 
Daniel Giles, Esq. 

V. The Croonian Lecture. — Microscopical Observations on the 
folloiving Subjects : On the Brain and Nerves ; showing that the 
Matej'ials of tvkich they are composed exist in the Blood; On 
the Discovery of Valves in the Branches of the Vas Breve, lying 
between the Villous and Muscular Coats of the Stomach ; On thv 
Structure of the Spleen. By Sir Everara Home, Bart. VPRS. 

This paper cannot of course be rendered intelligible without 
the plates which accompany it. 

VI. On 1 wo New Compounds of Chlorine and Carbon, and on 
a new Compound of Iodine ^ Carbon, and Hydrogen. By Mr. 
Faraday, Chemical Assistant at the Royal Institution. Commu- 
nicated by W. T. Brande, Esq. Sec. RS. and Prof, of Chemistry 
at the Royal Institution. 

This very interesting paper has been given in the present 
volume of the Annals. 

VII. An Account of the Comparison of various British Stand- 
ards of linear Measure. By Capt. Henry Kater, FRS.&c. 

The commissioners appointed to consider the subject of 
weights and measures recommended in the First Report, “ fot 
the legal determination of the standard*'yard, that^ which w as 
employed by General Roy in the measurement of a base on 
Hounslow Heath,” as a foundation for tlie trigonometrical ope- 
rations that have been carried on by the ordnance throughout 
the countr)^ In consequence of this determination, says Capt. 
Kater, it became necessary to examine the standard to which tne 
Report alludes, with the intention of subsequently deriving from 
it a scale of feet and inches. The object of this paper is to detail 
the experiments for this purpose, and they appear to have been 
conducted with the usual precaution and ability of their author. 
Comparative measures of various standards are given in the form 
of tables ; and the foHowing one contains the results deduced 
^ comparing each standard in succession with that used by 
Col. Larabton in the Survey of India, an account of whose ope- 
Tations may be found in the Phil. Trans, fpr 1818. 


Excess of the following standards above Col. Lamhton’s standardl. On S6 inches. 

Sir G. Shuckburgh^s standard + *000642 

Bird’s standard of 1760 + *000669 

General Roy’s scale + *001637 

Royal Society’'s standard + *002007 

Ramsden’s bar (used in the TrigOHometrical Survey 
of Great Britain) • » + *003147 


1821.] Philosophical TramactiomJ^ Part J. 

The standard used in the Trigonometrical Sur\^ey, being thus 
unexpectedly found, Capt. Kater observes, to differ so consider- 
ably from every other standard of authority, the Commissioners 
of Weights and Measures proposed in their second report, that 
Bird’s parliamentary standard of 1760, should be considered as 
the foundation of all legal weights and measures. 

It is remarked by Capt. Kater, 'Uhat the standard thus 
selected differs so little, if at all, from that of Sir G. Shuckburgh, 
that they may, for every purpose, be considered as perfectly 
identical ; and this agreement is particularly convenient, because 
the length of the metre having been determined by comparisons 
with Sir G. Shuckluirglr s scale, and a fac simile of it made by 
Mr. Trough ton, for Prof. Pictet, all measures on the Continent 
are converted into English measures by reference to Sir George 
Sliuckluirgh’s standard.’’ 

VIII. An Account of the Vrinari/ Organs and Vrine of two 
Species of the Genus liana. By .lohn Dviv y, M l). HIS. 

An account of the contents oV this paper has been given in the 
Annals, 

IX. An Account of a Micrometer made of Rock Crt/slal, ’ By 
G. Dollond, FRS. 

This paper cannot !)e rendered completely intelligible without 
reference to the drawing wliich a(‘.coin|)anies it. According to Mn 
Dollond tlie advantagti^ lobe derived from his improvement are 
the following : that in making a spliere or lens from a piece of 
rock crystal^and adapting it to a telescope in the place of the 
iisiiai eye glass ; and from its natural doubh^ refracting proj:>erty, 
rendering d useful micrometer. 

The advantages of thus applying the crystal are, in the first 
place, tlie very great saving of the time required to find the pro- 
per angle fbr'cuttmg the crystal, also of cutting the crystals to 
their proper angles, 'a,ud working their surfaces vvitli sufficient 
accuracy to render them usefid^ as micrometers in tlie manner 
that IS recommended hy M. Arago, Dr. ^Vollaston, and 

others. • 

Upon the plan which is now submitted, it is only necessary to^ 
select a piece ol’ jierh ct crystal ; and without any knowledge of 
the angle that will give the greatest double retraction, to form 
the sphere of a proper diameter for the tot:al length required. 

Tlie second advantage is derived from being able to take the 
angle on each side zero^, witliout reversing the eye tube; also of 
taking intermediate angles between zero and the greatest sepa- 
ratiorr of the images, without exchanging any part of the eye 
tube, it being only re(|uired to move the axis in which the 
sphere is placed. 

Thirdly, it possesses the property of an eye tube or lens that 
is not intended for rnicrometrical measurements ; for when the 
axis of the crystal is parallel to the axis of the object glass of the 
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telescope ; only one image will be fonned, and that will be as 
distinctly fonned as with any lens that does not possess the 

double refracting property. , , • u 

The eve tube is so constructed that the plane through which 
the two” images move can be placed parallel to the line in the 
object which is to be measured ; and if this motion is furnished 
with a divided circle, it will correctly answer the purpose of a 
position micrometer. 

The value of the scale is found from the know'n diameter ot 
any distant object, and will vary in proportion to the magnifying 
powers of the eye tube ; its value increasing in proportion to the 
increase of those magnifying powers. 

After referring to the plate which is needful to render the 
nature of the instrument perfectly intelligible, Mr. Dollond con- 
cludes with observing, “ When I constructed this micrometer, 
it was my intention to have applied it to the measurement of the 
aimles that are subtended by the apparent diameters of the lived 
stars, as seen in achromatic relracting telescopes, for the purpose 
of determining tlieir relative magnitudes : also of measuring the 
distances of those double stars that would come within the range 
of the micrometer ; but from being compelled to attend to busi- 
ness of more immediate consecpience, 1 am not able to accom- 
pany this description witii any measurements that are suiTiciently 
important to be interesting ; jdthough I tpn fully convinced from 
the trials I have made that the micrometer is quite equal to the 
purposes for which it was intended.” 

X. TJie Bakcrian Lecture. — On the hc^t Kind of Steel nnd 
Torni fora Comjnm Isicedle. By Capt. ll-jiitrv Kater, FKS. 

The experiments which lonn the subject of the present paper 
were undmtaken by Caut. Kater, in consequence of its having- 
appeared, on the return of the first expedition which sailed for 
the disco’very of a Xorth-West Passage, that from the near 
approach to the magnetic pole,' and the consequent diminution 
of the directive force, the compasses on board had become nearly 
useless. Capt. Kater lyas, therefore, anxious that the next 
expedition should be furnished with instruments, combining as 
much power and sensibility as possible. • 

After numerous experiments as to the material, form, polish, 
and other circumstances connected with the power and sensibi- 
lity of the needle, which it would be scarcely possible to abridge, 
€apt. Kater arrived at the following conclusions, which are 
given in his own words. 

“ That the best material for compass needles is clock .spring ; 
but care must be taken in forming the needle to expose it as 
seldom as possible to heat ; otherwise its capability of receiving 
magnetism will be much diminished. 

“That the best form for a compass needle is the pierced 
3 -hombm, in the proportion of about five inches in length to two 
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inches in width, this form being susceptible of the greatest 

directive force. . . „ , 

“ That the best mode of tempering a compass needle is, hist, 

to harden it at a red heat, and then to soften it from the middle 
to about an inch from each extremity by exposing it to a heat 
sufficient to cause the blue colour which arises again to dis- 

’^^i'That in the same plate of steel, of tlie size of a few square 
inches only, portions are found varying considerably in thwi 
capability of receiving magnetism, though not apparently ditiei- 

iiior in any other respect. . 

” That polisliing the needle has no effects on its magnetism. 

“ That the best mode of communicating magnetism to a nee- 
dle appears to be by placing it in the magnetic meridian, joining 
the opposite poles of a pair of bar magnets (the magnets bein 
the same line), and laying the magnets so joined flat upon the 
needle with their poles upon its centre ; then having eleviffed the 
distant extremities of the magnets, so that they may form an 
ano-le of about two or three degrees with the needle, they are t 
be^irawn from the centre of the needle to the extremities care- 
fully iireserving the same distance from the need e. 1 he opera- 
tion is to be repeated 10 or 1-2 tunes on each surface. 

Tliat in needles from five to eight niches in length, their 
weights luring ecpial, the directive forces are nearly as the 

‘^Tlnitthe directive force docs not depend upon extent of sui- 
face, but in needles of nearly the same length and form is as 

“ That the deviation of a compass needle occasioned by the 
attraction of soft iron, depends, p Mr. Barlow has advanced, on 
extent, of surface, and is wholly independent of the mass, except 
a certain thickness of the iron; amounting to about two-tentlis ot 
an incli, which is requisite for tl>e complete developeinent of its 

attracilve energy. , • w ir., . 

XI. Police respecting a Vokaiuc Appearance in the Moon. In 
a Letter addressed to the President,* by Capt. Henry Katei, 

FRS T 

xil. A further Account of Fossil Bones discovered in Caverim 

inclosed in the Linmtone Rocks at Plt/nioulji. By Joseph ''' bid- 
bey. Esq. In a Letter addressed to Sir Everard Home, Bart. 

VPRS. 

Xlli On the Aeriform Compounds of Charcoal and Hydrogen, 
with an Account of some additional Fxpemnenf on the Gases 
from Oil and Coal. By William Henry, MD. LRS. . 

■ This veiy excellent paper is given at length in the present 

number of the Annals, 
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Article XV* 

Proceedings of Philosophical Societies. 

GEOLOGICAL SOCIETY. 

June 1. — A paper, on the Formation of Basalt, by Mr. Lilling- 
slane, was read. 

- Mr. Lillingstone conceives that basaltic formations possess a 
degree of gravitation towards their own centres, whicli does not 
lielung to other strata, as may be proved by an examination of 
t|ie joints in the Giant’s Causeway, and of t!ie decomposition 
which is taking }>lace in ttie basaltic mass ojjposite Queensferry, 
where mi original .s|)Iierical centre is demt)nstrated by the decay 
of the surrounding mass. This spherical attraction is also exhi- 
bited to a cei'tain extent in the red marl strata (in which the 
8pht'res exist) on the shore of the Clyde, nearly opposite Gree- 
Boek, and in many other places. It is to tlie operation of this 
principle that Mr. L. is disposed to refer the I’ormations in 
question. 

The reading of Mr. Strangway ’s paper on the Geology of 
Russia was concluded. 

The central mining district, wliich includes parts of the 
pivermnents of Nislinv, Novgorod, Adad'imir, Tamblof, Itezan, 
foiila, and Calonga, e\l ending tiom a little above Mourom, on 
tlie Oca, to near the town of Calonga, is, in general^ a poor 
sandy country, jjiolialkv beloiming to tlu^^’ed rock lormation, 
though its connexions are not very distinct. At the depth of 
60 feet below the surface of tJie soil is found a series of beds of 
iimistcuic, of variable quality. The lightest coloured ore vields 
the most iron. In general, it is man uia (•lured where it is raised. 

Across tlie middle of Russia, ,or from the read) of Samara on 
tlie V^olga, to tlie country betweiui Smolensk and Moscow, a 
tract of limestone extends, generaliy of a very pure white, and 
completely filled with broken encnnites, large t(;trabratulites, 
carvophyliites, pectiniies, and tiie ex u via' of other marine ani- 
mals. This wliite limestone occurs also in great (|iiai]tity in that 
j«irt of the country above Mourom vvlnue the government of 
Nishny-Novgorod and Famblol join those of Vladimir and Rezaa. 
Furliier outward it appears in the soutliern portion of tlie govem- 
meiit of Simbersk ; and on the banks of the Volga is seen, for a 
considerable distance both above and below the town of Cing- 
hyleyt, forming the lofty ridge which diverts the course of the 
river between SStavropol and Syzran, called the Markvashy and 
Shigoulifky hills. At Sernoi-Gorodsk, it contains sulphur niines, 
which are no longer worked. 

The Oural mountains, which extend form the Icy Sea to the 
Steppe, north of the Caspian Sea, form the natural boundary 
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between Asiatic and Europe^,!! Russia. An extensive district 
of red marl, salt, and gypsum, stretches down the course of the 
Kama, and is probably connected on the south with the salt 
district of the Volga. On both sides of this salt country, and 
skirting the south and west#sides of the Oural mountains, is a 
vast tract of a dull red or a green sand, commonly called copper- 
sand, and worked for copper. It extends through great part of 
the governments of Viatka, Perin, and Orifa. 

Of tlie Steppe district, the primitive tract may be described as 
stretching in a direction ESK from the upper part of the river 
Bug to the Berda, and terminating within a short distance of the 
Bhfck Sea. It is a coarse grained granite, containing garnets, 
but sometimes passing into trap or syenite. In Volhynia, near 
the borders of Gallicia, it afibrds a fine white earthy felspar.^ 
A series of calcareous rocks accompany the southern border of 
the primitive Steppe, in which, towards the frontier of Gallicia, 
juid near Tomaspol, some large grained oolites appear. A 
shelly limestone resembling that orPnrbeck and Portland also 
occupies a large tract in the vicinity of the last named situation, 
betw eeu tlie rivers Bug and Dniester. 

The greater part of the interior of the Crimea appears to con- 
sist of similar strata, the only new^ formation being the bitumi- 
nous peninsula of Kerch, and at the other end of the Caucasian 
chain in tlie promontory ot Bacon. The bituminous formation 
reappears in the h'^les^of Najihtha, on tlie eastern shore of the 
Caspian, and it is said also in Georgia. 

Tlie Sait Steppe lies at an extremely lowland generally uniform 
level, extending beteeen the Black Sea and the Caspian. I he 
lakes and* pools winch it contains are mostly salt 5 the rock 
under the superficial sand, and sometimes left bare, is a hard 
clay. Us origin is usually referred to a change of level in the 
waters of the Black Sea, w'liich, having burst a passage through 
the Straits of C^mstaiitiiiople, deft the shallow tract bet^veeii 
them and the Caspian perli'ctly dry. 

The Caucasus is a primitive chain, containing, in many places, 
columnar traj). On its noilhern bofxler, the older secondary 
rocks are a continuation of those wdiich form the highest moun- 
tains oil the south coast of the Crimea, and which are jirincipally 
composed of slate, with a congiomerate qjiid older limestone. 

A letter was read from Mr. Parkes, concerning the Black 
Oxide of Manganese found in Warw ickshire. 

The specimens which accompanied this paper appear to be of 
a different character from those obtained from Cornwall, Devon- 
shire, and Scotland ; and contain more oxygen. They ^vere 
found at a place called Hartshill, near the towns of Ather- 
stone and Nuneaton, in the county of Warwick ; occurring in 
detached pieces of from 1 to 50 or 60 pounds in weight, at 
the depth of from one foot to six or eight feet, below the surface 
of the soil, which is chiefly clay. 
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, A papers on the Bagshot Sand, by Henry Warburton, Esq, 
VEGS. was read. 

The sand of Bagshot Heath occupies a district of about 25 
miles in length, extending from east to west along the axis of 
the chalk of the London basin ; ci^mmencing at Esher, in the 
county of Surrey, and terminating at Bromshill Common, on the 
confines of Berkshire and Hampshire ; its greatest breadth in a 
line drawn from Hungry Hill, near Farnham, to Oakingham is 
about 12 miles. The course of its southern boundary is marked 
by those sandy elevations, which, beginning at Esher, extend to 
Painshill, Breach Hill, and Cckham Hill, near Ripley. At 
Tukebury Hill, and Beacon Hill Camp, immediately south of 
Farnham, it attains its greatest elevation ; and approaches 
within less than a mile of the ridge of chalk which forms the 
southern limit of the London basin. From Beacon Hill Camp, 
its western boundaiy may be traced over a low moorish country 
to Hertford Bridge, where it again accpiires considerable thick- 
ness, forming a regular escarpment to Broomsliill (Jommon. 
There its northern boundary comraeuces, passing to tlie hill 
above Egham, and forming a line ol‘ sandy hillocks, parallel to 
the valley of the Thames, and at no great distance from the 
river, by St, iVmi's Hill and Oatlands, to the eastern extremity 
at Esher. 

At Egham Hill, tlie sand is observed resting immediately on 
the London clay, and there is every reason to believe that it 
retains the same position throughout the district which it occu- 
pies, Those parts which are nearest to the surtace are generally 
more or less mixed with angular chalk flints^, and other diliivian 
debris; such as are found upon almost every part of the London 
basin. The highest of the undisturbed beds consist of a meagre 
and somevvhat ochreous sand, without any angular masses of 
flint; and, at a lower level, beds of foliated green clay, alternat- 
ing with beds of green sand, occur, as may be observed to the 
north of Chobham Park, on the road from Cfliertsey to Bagshot. 
Below these beds are found alternating strata of white, sulphur 
yellow, and pinkish foliated marls, containing abundant grains 
of green sand regularly stratified, and inclosing fossil shell, 
which have not hitherto been found in England in any other bed 
above the chalk. Th^se lowest beds, which may be seen in 
descending the acclivity to the south of Chobham Park, appear 
to be about 40 feet thick. Of the shells found in them, the most 
abundant is the cast of a crassatella, agreeing with one found in 
the Paris basin at Meudon in the caicaire grossiire d maliere 
verte. 

At St.' Ann’s Hill, the beds which lie nearest to the London 
clay consist of masses of rolled chalk flints resembling those of 
the pebble bed in the plastic clay, intermixed with green sand, 
green foliated marl, and stony concretions of the sandstone, 
which are so generally disposed in masses over the surface of 
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Baffshot Heath. In digging a watercourse for the ^ 

draming the newly inclosed lands of Windsor horeston the n)^ 
that leacls from Hollyport to Binfield, where the sand with ite 
concretions rests upon variegated plastic clay, numerous 
nated and other fossil shellfe have been found ; also a shark s 
tooth, pyritous wood, and the seed, vessel apparently of a marine 
plant ; but the cerithia, which are found m the similar beds in 
Sussex and near London, are wanting. 


Article XVL 


SCIENTIFIC 1 NTEI.LIGEN CE, AND NOTICES OF 
CONNECTED WITH SCIENCE. 


SUBJECTS 


1. Gas fi'om Cocoa i\ut Oil. 

A large quantity of tliis oil has been lately imported into this coun- 
try. It has been used, but, 1 believe, wdth considerable difficulty, m 
the iiianufacture of soa[). It has rather a pleasant smell, and is about 
the consistence of butter; but what is singular is, that the soap made 
of it leaves a ])eciiliar and e.\treniely unpleasant smell. Messrs, l ay- 
lors and Martlneau inform me that they have latel}^ used it in then 
apjiaratus for the prodmition of gas, which gives an extremely brilliant 
and wliite light by combustion. According to tlicir report, it may be 
economically employed for tliis purpose; and, on account of its solid 
form and pleasant smell, it is much preferable to the oil commonly 
used, especially in p«iiiiite houses. — E(L 


IL On the Crydallization of Sugar under a particular Circumstance, 
By M. Henry Braconnot. 

Crystallization sometimes takcsplace under circumstances so remark- 
able that 1 think we should not nqglect the slightest facts, connected 
with the theory of tliis wonderful property of matter. iheloUowmg 
seems in opposition to the generally admitted fundamental principles, 
according to which, bodies can only crystallize when their molecules 
have free motion in a fluid, so that they can approach towards each 


Every one knows that fresh prepared barley sugar is perfectly tran- 
sparent, has a vitreous very glossy fractiH*e, and consequently its 
internal, homogeneous parts present no appearance of crystallization ; 
but after some days, its surface begins to tarnish, and becomes covered 
with a crystalline pellicle, which goes on increasing till the barley sugar 
drop)^ is entirely crystallized, when it has lost part of its transparency, 
and is converted into rounded groupes of radiating needle crystals, 
generally separated by vacant spaces, or gaps, which did not previously 
exist ; whenceitfollows, that the molecules have formed, and approached 
each other, in the very bosom, and at the expense of a hard compact 


• Tablettc. 
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sttbstance — circunistance which seemed to oppose an insurmountable 
obstacle to their regular arrangement. Barley sugar, so crystallized, 
is mucli more brittle than before ; its fracture presents a multitude of 
small, fibrous, diverging, acicular crystals, collected in numerous 
bundleSy^ terminated by interstices, provided this sort of crystalline 
arrangement has taken place slowly ; that is, below the mean tempera- 
ture; when held for some time in the mouth, instead of remaining 
glossy and polished, it becomes full of hollows and asperities: with 
some care, w e may separate the needle crystals, whicli appear, wdien 
viewed by the microscope, to be flattened tetraliedral prisms. Accord- 
ing to the known conditions of crystallization, it was to be presumed, 
that that of barley sugar could only proceed by its gradually attracting 
moisture from the air; but having left some for a month in a close 
stopped bottle, containing chloride of calcium, the sugar lost about 
1 -200th of its weight, and crystallized quite as well as in the free air. 
In oil of turpentine, the same result w^as obtained. 

The confectioners are aw^are of, and fear the effects of, this singular 
crystallization of barley sugar, which they call its dt/inoy seeing notliing 
in this tendency to perfection, but an insensible degradation. They 
would wash to find the means of preventing it, but it appears that 
nothing can hinder it from taking place. — (Ann. de Chiiii. xvi. 127.) 

III. Nexv Mineral Substance. 

Mr. J. Deiichar found, a few weeks ago, anew mineral substance 
imbedded in striped limestone. It melts at tlie candle, and burns on 
a w ick, or paper. In the cold, it is insoluble iA alcoliol, potash, or oil 
of turpentine ; nor is it acted upon in the cold, after five days’ exposure 
to sulphuric, muriatic, or nitric acids. He is now engaged with its 
analysis. 

IV. On Compounds (yf Snlpher With Cj/anogen^ 

M. Berzelius, in pursuance of his Researches on the Compounds of 
Cyanogen (p. 208), has lately examined the suljilmretled compounds of 
cyanogen, and added much to our knowdedge of them. He concludes 
that tlie substance, as prepared by M. Grotthus or M. Vogel (i. e. by 
fusing sulphur w ith ferroprussiate of potash, dissolving, filtering, and 
dryihg), is a sulpliocyanuret of potassium; and though he has not been 
able to separate the sulpliocyanogen or suljihiiret of cyanogen from the 
base, .so as to have it in a separate state, yet he deduces if.s composi- 
tion from experiments, as being 1 atom cyanogen, and 2 atoms of 
sulphur, or ^ 


Carbon 20*63 2 atoms 150 G6 

Azote 2T23 . . . , 1 ittom .... 177*26 

Sulphur 55 09 .. .1 2 atoms .... 102*32 


lOO'OO 73021 


The sulphocyanuret of potassium is composed of 


* Faisceaux. 
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Potassium. . . . 40*15 .... 1 atom .... 979*83 

Azote 14*53 2 atoms 354*52*^ 

CaVbon 12*35 4 atoms .... 301*32 > 1460*48 

Sulphur 32*97 .... 4 atoms .... 804*64 j 


100 00 2440*31 


The sulphuretted hydrocyanic acid is composed of 


Hydrogen.... 1*68 

Nitrogen 23*85 

Carbon 20*30 

Sulphur 54*17 


2 atoms .... 12*44 

1 atom .... 177*26 

2 atoms .... 150*66 
2 atoms .... 402*32 


100*00 772*68 


In considering the nature of these substances, M. Berzelius seems 
inclined to admit that view of them and their nature which is analogous 
to the chlorine theory, as also this theory itself, and goes a considera- 
ble way towards answering some of those objections which have been 
raised at different times to it. 

On substituting selenium for sulphur in these and analogous experi- 
ments, results which might have been expected from the analogy of 
the two bodies, took place. On heating it with the ferroprussiate of 
potash, a seleniocyanuret of potJish was formed perfectly analogous to 
the sulphocyanuret. — (Ann. dc Chirn. xvi. 23.) 


Article XVIL 
NEW SCIENTIFIC BOOKS 

PREPARING FOR PUBLICATION. 

A Practical Treatise on Diseases of the Liver, and on some of the 
Affections usually denominated Bdious ; comprising an impartial Esti- 
mate of the Merits of the Nitromuriatic Acid Bath. By George 
Darling, MD. Member of the lioyai College of Physicians of London. 

An Introduction to Entomology; or Elements ^ the Natural His- 
tory of Insects. Vol. III. By William Kirby, MA. FRS. and LS. 
and William Spence, Esq. FLS. Illustrated by coloured Plates. 

JUST FUBLISHED. 

The Elements of Astronomy, designed for the Use of Scliools and 
Junior Students. By S. Treeby, with Plates. 18mo. bound. 3s. 6d. 

Medico-Chirurgical Transactions, published by tlie Medical and 
Chirurgical Society of London. Vol. XII. PartiL 8vo. 9r. 

The Principles of Forensic Medicine, systematically arranged and 
applied to British Practise. By J. G. Smith, MD. 8va. 14^. 

A Treatise on Indigestion and its Consequences, catted Nervous ana 

Bilious Complaints. 8vo. 9^. 

Vegetable Materia Medica of the United States, or Medical 
Botany : containing a Botanical, Greneral, and Medical History of 
Medicinal Plants, indigenous to the United States. Illustrated by 
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coloured Engravings, made after Original Drawings from Nature. By 
William P. C. Barton, MD. 2 vol«. 4to. 6/. 6s. 

Barton’s Flora of North America. Ten Numbers. 6s, eadh. 

An Illustration of the Genus Cinchona, comprising Descriptions of 
all the Officinal Peruvian Barks, &c. By A. B. Lambert, Esq. FRS. 
4to. 1/. IO 5 . 6d, 


Article XVIII. 

NEW PATENTS. 

Sir William Congreve of Cecil-street, Strand, Middlesex, Bart, and 
James Nisbet Colquhoun, of Woolwich, Kent, Lieutenant in the 
Iloyal Artillery ; for certain improvements in the art of killing and 
capturing whales, and other animals to which such means are applica- 
ble. — June?, 1821. 

John Vallance, of Brighton, Sussex, brewer ; for improvements on 
a patent granted to him on the 20th of June, 1820, for a method and 
apparatus for freeing rooms and buildings (whether public or private) 
from the distressing heat sometimes experienced in them, and of keep- 
ing them constantly cool, or of a pleasant temperature, whether they 
are crowded to excess or empty ; and also whether the weather be hot 
or cold ; and the said John Vallance hath invented or discovered 
improvements relative thereto, and in some bases wuth, and in some 
cases without, a gas or gases extended, or additional applications of 
the principles, or of some or one of the principles (either of construc- 
tion or operation) thereof, as applicable to purposes other than what he 
first contemplated. — June 19. ^ 

James Simpson, of the Strand, Middlesex, surgical instrument 
maker ; for an improvement in the manufacture of snuffers. — July 3. 

William Church, of Threadneedle-street, London, gentleman, for 
an improved apparatus for printing. — July 3, 

William Coles, of New-street-square, London, mechanic, for braces, 
or instruments, for the relief of hernia or ruptures, — July 5. 

Robert Dickinson, of Gre^t Queen-street, Middlesex, Esq. for cer- 
tain improvements in the construction of vessels, or crafts, of every 
description, whereby such vessels, or crafts, may be rendered more 
durable than those heretofore constructed for the purposes of naviga- 
tion — July 14. 

Charles Newman, of Brighton, Sussex, coachmaster, for an improve- 
ment in the construction of the body and carriage of a stage or other 
coach, by placing a certain proportion of the outside passengers in the 
centre of the carriage, and a proportion of the luggage under the same, 
producing thereby safety to the coach, and convenience to the passen- 
gers.— July 17. ^ . r X* 

Samuel Cooper, engineer, and William Miller, gentleman, both ot 
Margate, Kent, for certain improvements in printing machineSf— ■ 
July 17 . 


Mr. Howard* $ Meteorological Journal . 


Article XIX. 

METEOROLOGICAL TABLE. 


Wind. 

Bakometeu. 
Wax. Win. 



w 

29-83 29-60 

E 

29-83 29-8 1 

N E30*0C)29-8I 

N 

30-20.30*09 


j Hygr. a 
Evap. I Rain. 9 a.m. 


rthMon. 
July 1 


5N W 30-20 30*03 67 

ON \V;3003 29-«8 

7 N i30-06' 2.9-88, 63 

8 N iso- 12 30 06 63 

.9N \V:30-14 30-09 68 

ION W'30-U;30-14 70 

UN \V30-U30-10 71 

12 S E 30-10 30-03| 73 

13 S 30-03 29.90 73 

14 N w;29-.90 29-77 72 

13 N W 30-02 29-77 64 

]6N W|3'Or:63002 73 

17[ Var. (30-32 30-26 75 

18 S E|30-32 30-13 75 

19 E 30 13 29-89 78 

20 W 29-8929-82 74 

21 W 29-82 29-64 7.5 

22'S W 29-6729-64 73 

23 W ,29-78 29-67 6’8 

24 S W,29 68 29-67 70 

25 N W;2.9-.92 29-68 72 

26 S Wi29-.95 29-92 70 

27 W |26-97 2995 7l 

28 S E 30-04 29.97 70 

2qiS W 30-04 29-95 69 

S 29-952994 7o 
W 29-.94 29-94 74 


I |30-3 2|29-60| 7 8 1 3 6 I 3-27 12-821.93—6 

The observations in each line of the table apply to a period of twenty-foar hours, 
beginning at 9 A. M. on the day indicated in the first column. . A dash denotes tiut 
the ret>ult is included in the next following observatioiu 
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REMARKS. 


. SamiJi Month.— \. Riuny. 2, 3. Goudy. 4. Fine: Cirrus. 5. Cloudy 
ana fine; Cirrus, 6. Cloudy. 7. Cloudy: showers. 8. Cloudy. 9—12. Fine. 
13, 14. Cloudy. 15. Rainy. 16, 17. Cloudy. 18. Fine. 19. Fine: some 
thunder in the evening, and a brilliant meteor. 20 — 22. Fine. 23. Showery : 
»ome hail at four, p.ni. 24, 25. Showery. 26. Cloudy. 27, 28. Fine. 29. Cloudy. 
SO. Showery. 31. Fine. 


RESULTS. 


Windfi: N, 3 ; NE, 1; E, 2 ; SE, 3; S, 2; SW, 4; W, 6; NW, 9; Var. 1. 


Barometer ; Mean height 

For tlie month inches. 

For the lunar period, ending tlie 22d 30*023 

For 13 days, ending the 5th (moon nortii) 30*048 

For 14 days, ending the 19th (moon south) 30<)58 

Thennometer; Mean height 

For the month. 59*596® 

For the lunar period 58*483 

For 31 days, the sun in Cancer 57*983 

Evaporation A 3*27 in. 


Jkliaa 4if hyipfom • • 

XiiiboratCfTy^ Eighth 16j 1821* H* IiC)W^A3Kil3^# 


ANNALS 


OF 

PHILOSOPHY. 


OCTOBER, 1821. 


Articlp: I. 


On F/oclz Formal ionsy By Thomas Weaver, Esq. MR I A, 
MJM)S.‘.MWS. MGS. 


Thk followina' reniiiiks v.ere called loilli in part by a 
perusal of M. D’Aubuissoa’s Traitc de Gcognosie,t in the au- 
tumn of 1820. They«aiere intended in part, also, as an appendix 
to a paper '(Written by me on some parts of Glouce.ster.shire ami 
Somersetshire, and which was read some time since belore the 
Geological Society ; but observing that other geologists, both 
foreign and British, are partly disposed to entertain the same 
views as M. D’Aubuisson, I think it right not to delay m giving 

them publicity .J . r,. 

In my memoir on tlie East ol Ireland (Geol. lians. \ol. v.) j 
have spoken of the old red sandstone, limestone, and coal form- 
ation, of that country, as belonging to the first Jioc/z series ; and 
I have adverted to similar foimutions e.visting in Englimd and 
AVales. But H'Aubuissou remarks (v(J. ii. p. 2oo, and 
813, hl4), that the sandstone in question is, perhaps, a grey- 
wacke, and the limestone, the transition limestone of Werner. 


* For die tarm *>«<=, aoiBc French, Italian, and English, writers substitute those ot 
..o-ondaro and t^iar^j ; but the, only sense in which 1 use the word sectmdan- « the 
WmietMO flrier botii tlic traimtaon aud ftoeu toniiatioiMi, 

1 I 4^ toittate. tUftfc tiis arfciide wa» aig««teclbcf<s>re w 

Vieiw ■ of . th© . J^iorwiations in ^ngkiiid -and. ■ -Aipi : a 
viow vrilMdidyi stud ^ Tw iti n i w^ ¥*©' " 1 'and anti|d© 

ISIetv Series, vol . ii . ii 
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Hence I find it necessary' to give a fuller exposition of my views 
on this subject, in which I propose to show that a |>ertect iden- 
tity subsists between those formations in the British isles and 
on the Continent; and that in fact they all three belong to the 
first floetz period.* 

I enter upon this task the more willingly, as there are, per- 
haps, few branches of geological inrpnry more instructive than 
that which relates to the occurrence of the same class or group 
of formations in different parts of the world ; and in a practical 
point of view, this investigation is of oreat miportance to llie 
miner The more attentively we consider this part ol our sub- 
ject the more readily we shall probably assent to the proposi- 
tion’; namely, that a certain general order or progression prevails 
in the ■;tnieture of the earth, from the oldest tu the newest forin- 
atioiis • that the (Mai/ of this order, however, is not constantly 
the same, but varies in different countries, and sometimes even 
in the same tract of country. 

On the Floetz, first Series, ns coniprclieiKlinjy the J-ormahons of 


In the British Isles. 
1. Old red sandstone. 


2. Mountain, or carbonife- 
rows limestone. 

Coal formation. 


In German}/. 

1. The rothe todt liege fide o( 
l.ehman , W erner , K arsten , 
Von Buch, Heim, Freiesleben, 
Sec. 

The old, ox Jirst floetz sand- 
stone formation of W erner. 

2. Tlr. limestone subordi- 
nate to the rothe todtliegende 
of ditto. 

3. The coal subordinate to 
the rothe todtliegende, and 

The coal formation reposing 
upon it. 

Kigent/iclie Steinkohlen for- 
mation of ditto. 

In the Netherlands. 

, 1. Poudingueset gres 

rouges. 

2 . Calcaire interme- 
diare, 

3. Gres houiller. 

• according to their true poftition in the geological series, and dways 

dariilfi^c old red sandstone as the^rji member of the floet* class, which rank xt haa 
held, «?en from the time of Lehman. To denominate that formation a pey- 
is to hare little respect to mineralogical character, or to g<^eral r^tivc position* 
bv bOlb of wMch it is suffinently distinguished, although, in point of attmity 
Ummd next to the transition conglomerate, and sandstone. So forced a 
sifemsM bare originated in a loose expression of Werner, 

to be transition at a time when its relation# had not been ftiUf 


rfZi m 
o 

C.S5 
^ bB 

S s 

o S) 
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Ill the British Isles. 

In no part of the world, perhaps, are the mutual relations of 
tliese tluee formations more fully displayed, in their distinct order 
uf progression, and in their various states of association, than in 
England, Scotland, and Ireland. A general view of those rela- 
tions will tend to sliow that these formations must be considered 
as collectivfdy constituting one group of the same era; and the 
Avliolo series, whether incomplete or incomplete progression, are 
always I'omid rei)Osing on transition, or on primary tracts, or on 
both 'of these conjointly. 

1. Ire/iiiiil.—la those parts of Ireland, of which I have given 
an account (Geol. Trans, vol. v), the formations of old red sand- 
stone, limestone, and coal, are separate and distinct, the lines of 
division l)etween them being broadly marked. 'Hiis example 
may be considered as affording the perfect type of the series in 
ihe'ir distinct order of succession. It may, however, be remarked, 
that the old sandstone being there of unequal distribution, the 
jiiuestone formation is, in certain parts of its extent, in direct 
contact with transition, and in others with primary tracts. 

This latter fact may be observed also m the north-west of 
England, where the carboniferous limestone nearly encircles the 
transition and primary tracts of Cumberland, Westmoreland, and 
Lancashire, the old red ^sandstone intervening in few instances, 
in other quarters again, the carboniferous limestone is altogether 
wanting, the coarformation being directly and conjointly in 
contacrwith old red sandstone and with transition rocks ; or the 


fxploretl The temi has, in consequence, been misapplied in other tracts; and hence 
aisu it has been supposed, that the old red sandstone, which precedes it in tlie order of 
formality, must be a grcywacke, or transition. But the real transition limestone of 
Werner is fourid more particularly in a.ssociation with clayslate, and with the true grey- 
wacke of that naturalist, c. g. in the Haru. t other hand, howeyer, if the 

limestone in question (the Bnglish mountain limestone) be not the transition limestone 
of Werner, neither is it his first floetz limebtone. It so happened, tliat in the tracts 
which came under the immetliate consideration of the Freyberg Professor, in the north 
of Oeriiiany, the limestone, which is there associated^with the old red sandstone, its 
found only in inconsiderable subordinate beds, incidentally ^sposed in that fomiadon; 
and hence, if not entirely overlooked, it was not raised by him to the rank of a distmct 
formation ; and hence also the application by him of the term first floetz limestone to 
that limestone in Gemiany, which, in respect to age, appears to correspond with what 
has bean designated in England by the name of the magn«sian Umestone formation. § 
Even the greatest men are subject to error, when informaUon proves defective ; but m 
die researches of the naturalist, the authority of names, however high, ought never to 

^to^rwhief h'Tieen inttoduced br P«>f,Bucktod and the Rev. W. Cony- 
fieare, appears very appropriate, as diatinctiye of this aiwoaatc of the great coal forma* 

tion. 


1 Or, ae induded in group No. 23 of Mr. (ifeenougji’s Geological Map of En^^ 
and Wales; a truly spirited work, by the execution of which, a moat important »et««e 

has bean rendered to geology* ^ * 1 ..^ 

§ Included in group No. 17 of Mr. Greenough’a Geological Map, Whetem, fill ^ 
following pages I may have occasion to refer to that map, I fhall m general menttoa 
number of tlie group, wi|hthe initials G. M. only, ^ 

u 2 
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old red sandstone being also wanting, the coal field reposes 
simply on a transition tract: of which examples may be observed 
in the coal fields of Shropshire. — (See Mr. Greenough’s Geolo- 
gical Map of England and Wales.) 

But, in general, in Great Britain, the three formations are 
found in a more or less intimate state of affiliation, to illus- 
trate which the following examples may be adduced, select- 
ing only such as are characteristic of their various modes of 
connexion. 

2. Eii<j;/aiid. — That part of the r.ld red sandstone of Herefordshire 
and Gloucestershire (Group, No. 22 ofG. M), which supports the 
forest of Dean tract, contains, incidentally, thin beds of lime- 
stone, and, also, thin seams of imperfect coal. It is succeeded 
by a belt of limestone, including beds of slate-clay (Group, No. 
21 of G. M.l, and supporting sandstone and sandstone conglo- 
merate (Group, No. 19 of G. M.t, which encloses the distinct 
coal basin (Group, Nc>. 18 of G. i\l.) of the forest of Dean. 

3. In the Eiicuviis of Tort worth, Gloucestershire, on the bor- 
ders of the Cromhall coal basin, the old red sandstone alternates 
with the limestone, while the coal formation is distinct. Such 
appears li|cewise to be the structure of the western side of the 
coal basin in Anglesea.* In both these cases, also, the imme- 
diate foundation "of the coal field is composed of the sandstone 
and sandstone conglomerate, commo'nly called mil/sloiie grit, 
which, in Ireland, is wanting in this position, the coal forma- 
tion there reposing directly on the limestone. 

4. In the Durham and 'NorlhumherlojiiJ tract, extending into 
Westmoreland and Cumberland.i- the old red sandstone and the 
limestone are found in repeated alternation with each other, and 
with slate clay ; and the great coal formation is distinct, occupy- 
ing the Msten/ quarter, and reposing immediately on sandstone 
and sandstone congloraerate.with slate-clay. But in the western 
portion of the tract (where 21 beds of limestone are enumerated 
as alternating with the sandstone and slate-clay), discontinuous 
tbin seams of indifferent coal are occasionally found, rarely 
exceeding one foot, or at most 20 inches, in thickness. Of six 
such searus of coal, which are noticed, the first (reckoning from 
below upwards) oacurs in the interval between the 1st and 
2nd beds of limestone ; the second, between the 3rd and 4th 
limestone; the third and fourth between the 19th and 20th 
limestone; the fifth, between the 20th and 21st limestone ; and 
the sixth, immediately below the 21st limestone. On the other 
hand, in the northern portion of tlie tract (distinguished as group 

* See Mr. in tiie Phiiotiophioial Magazine, voL xliii. p. 126 and 326 ; and Mr. 
•OreenoiAgh’s (Tcolpgiad Map of England and Wales. 

+ See the valuable papers of Mr. Minch and'Prol\ Buckland in wl. iv. of tlie Geol. 
Trans, which, taken conjointly, pkux tlie relations of that tract in aluminous j>omt of 
view, and show that the series re]^se on transition, or on primary rocks. In this tract 
I coincide with Mr. M^incli, in considering as one tiie groups marked No* 21 and 20 in 
Mr. Oreenough’s Map, 
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No. 21 in Mr. Greenough’s Geol. Map), several seams of good 
coal varying from a few inches to three feet nine inches in thick- 
ness', are found in direct alternation with the sandstone, lime> 

stone, and slate-clay. . . i j 

General Remarks.— In the first floetz series of England and 
Ireland, trap, porphyry, or amygdaloid, are occasionally found; 
not only in separate association with the old red sandstone, with 
the limestone, and with the coal formation, but conjointly with 
all the three together. Separaleli/: in the old red sandstone 
formation in Mellfell, Cumberland (Group, No. 22, with trap. No. 
34 of G M.) ; in the limestone formation in the county of Lime- 
rick, and in Derbyshire (Groups, No. 21 and 20, with trap, No. 
33 and 32 of G. M.) ; and in the coal formation in ^tattordshlre 
(Group, No. 18, with trap. No. 31, of G. xM.)* Conjoint^, in 
alternation with the sandstone, limestone, slate-clay, 'and coal, 
ill Northumberland (Group, No. 21, with trap, No. o3, of G. 

5. Scotland.— The intimate connection of the old red sand- 
stone with trap, porphyry, amygdaloid, limestone, slate-clay, and 
coal, is also very striking in Scotland, all being found in that 
country in repeated alternation with each other, and presenting 
no very determinate order of succession, save that the low^t 
portion of the old sandstone formation constitutes in generid ^ 
o'reat foundation of the whole series. Dr. Bone, in his highly 
valuable work,t observe>», that the tracts of the old red sandstone 
in that kingdom containing coal may be conveniently divided 
into a loiver and an upper portion ; the coal in the former ajipeM- 
ing in inconsiderable beds, a« pitch-coal, or occurring in 
form of a bls«:k powder mixed with earthy particles, or as beds 
of anthracite, which are sometimes of greater thickness. But it 
is in the upper portion of the series that the true workable co^ 
fields, which form the great object of the miner, are chiefly 
found ; and in this portion, certain quarters are distinguish^ by 
the absence of beds of limestone, by the abund ance of coal and 
vegetable impressions, and by freshwater shells; circumstance^ 
which are characteristic of the great coal fields of England, but 
which are of rare occurrence in Scotland. Of the general 
ture now noticed, as prevailing in the latter kmgdom, Dr- 
has given a clear exposition in the body of his work, beside 
detailed descriptions of very instructive sections m the notes 

^^'^Geneml Roarks.— ks in the tracts of the first floetz series, to 
which my preceding observations have been directed, the forma- 
tions composing them correspond in general geological relationa; 
so also they partake of similar mineralogical charactere, and are 
distinguisbea more or less by the same organic remains. 

The old red sandstone, wherever it comes in contact in those 


* See bIho Mr. AUun’s peper in vol. iii. irffh© Oeol- Tran*. . 
t S p« A. B»u6, MB. , «» toteuoriv. 

dious vieir of the geological structure of Scotland. 
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tracts with a transition, or with a primary country, is found to 
vary, more or less, in a corresponding manner, in its composition 
and structure. It may be said to be generally free from organic 
remains; and if such appear at all, they are almost w'holly of 
vegetable origin, and chiefly found where the sandstone is adja- 
cent to limestone, slate-clay, or coal. 

Of the organic remains met with in the carboniferous lime- 
stone, I contine myself chiefly to the notice of fish and trilobites, 
as being comparatively of rare occurrence in that formation. 
Impressions of fishes, accompanied with shells, are found in 
the limestone, which forms a part of the lower beds of tlie coal 
basin near Old Cumnock, in Ayrshire.* Small teeth of fishes 
occur likewise in the limestone that forms part of the upper por- 
tion of the coal series in Scotland .1' And palates and bones of 
fishes are met with in the Bristol limestone, J which, with the 
intervention of a belt of sandstone and sandstone conglomerate, 
supports the contiguous coal field of Somersetshire and South 
Gloucestershire. 

„ 1 found trilobites three years since in the Mendip limestone, 
and I am informed that they have been met with latterly in the 
limestone near Dublin. IMr. Greenough notices their occur- 
rence, also, in the shale accompanying the limestone in Holy 
Island, on the Northumberland coast. — (G. -M.) 

Trilobites have been found likewise in the clay ironstone of 
the coal fonnationin Shropshire ; besides terebratulites, and the 
productus scabriculus. Winged anomites are met with in the 
shale of the Killenaule coal district in Ireland and in that of 
Linlithgowshire, in Scotland, four species of orthoceratites are 
found, one of which accompanied by six other distinct species, 
occur, also, in the carboniferous limestone of that tract. || 
Orthoceratites, it is w-ell known, occur in the Derbyshire moun- 
tain limestone ; also, in that of .Yorkshire, Mendip, and Bristol, and 
in Ireland. Artd ammonites are met with in limestone nodules, 
and in clay ironstone, and terebratulites in limestone and sand- 
stone, all imbedded in the slate clay of the coal formation in 
England.** 


4- 

Let us now direct our attention to the Continent. 

In Germany . — In that country, also, it may be remarked of 
the old red sandstone in general, that, wherever it occurs, its 
composition is found to vary, accordingly as, in the course of its 
extent, it comes in contact with, and reposes upon, differently 
constituted transition or primary tracts. The formation may 
ako be said to be generally free from organic remains. And in 

• Dr. Bon#, Etaai 0#o)<»que «ut I’EcoBie, p. Ht. + Ibid. p. 195. 

X I>r . Bright in Oeolog. Trans, vol. iv. p. 198 and 900. 

“ § Oeol. Trans, vol. v. H I>r. JHeniing in Annais of Philosophy^ vol. v* 

•• Sowerby’s Mineral Conchdogy . 
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• * ^ riK«prv'itions of M. Freieslebeii and other writers 
examining t I Mansfeld, Thuringia, and the 

- rl 

red*'aua«lot.e, carboniferous limestone, «n<l 

'/rU here also in IVetlucnl association svitli porphy.y and 

f“;!‘ind confeins, likewise incidem^^ 

^ ‘ ISSbe^f (pitch coal, anthracite, and slate 

a'rT"" rt'SlEtm. places 'where it is 

^„^,';;,ft^ently metalliferous hem 

pyrites of copper, arsenic, am n , ^ ^ 

the coal, near “'M” “f; ';ml,O.Ji ' egeuble i ^s- 

ot dip, ii>to J w pyrites, and massive galena, 

'L.ui ■. a„d .i.e com useu; 

■“o *!’■ ;&: 

1 r 1 11 hv M Froiesleben of these tracts, including the 

Sc-.s®mS.ngefll:rirmrtitollbdrg,lb,efeKl, and Anhalt Beni- 
'"‘Sa't'ihc mJ rmUandslone (rothe todlliegende) of those nnar- 

3=teS-;=Eiiri|ij|SS 

each other; while the limestone occurs only m mconsidcrab 

SSbX "> M. Hda, I »t .hr rf 

MM. y«i^ von von H^, &c Deutechland und Italian, I8(tt, vd. i.. 

1 1" “^,;r^b^xirSiouw t>hiwi~..da 

riJ. Ton Bohmen, nnd der Ober-Uu-te, g«ogno«a»chd»tg«tdl^ J81». 
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beds in the old sandstone, rarely exceeding ten feet in thickness. 
In this limestone have been observed terebratniites and 
discites ; 

That both the coal shale and coal form beds #f greater or less 
continuity, but appear to close and terminate, both in the line of 
range and of dip. Tliese beds contain occasionally pyrites of 
copper and iron, blende, and galena, in membranous flakes, or 
disseminated ; and near Ldbegiin, Wettin, and Ddlau, they are 
said to have contained nodules of cobalt also. 

The principal coal deposit of these countries is found in the 
tract of the Petersberg, situated between Halle on the 8, Wettin 
on the W, and Liibegiin and Kathau on the N. And combining 
the observations of 5l. Freiesleben with the communications of 
MM. Schulze and von \'eltheim, it appears clearly, that the coal 
beds at Kathau underlie porphyry, at Lobegiin repose on por- 
phyry, near Wettin again underlie porphyry, wliile at Raunitz, 
south-east of Wetting they repose on poi-phyry. Again, to the 
east of Brachwitz, they appear to underlie porphyry; while 
betw'een Halle and Giebi'chenstein, they are distinctly imbedded 
in porphyry.* 

3. Lntver Silesia, Count i/ of Glatz, and Part of Bohemia and 
Upper Lnsatia. — ^I'he old red sandstone (rothe sandstein of M. 
von Raumer) is here found in two distinct tracts ; one being 
situated to the north of the Riesengebifge, and the other being 
spread over the southern side of the Riesengebirge and Eulenge- 
birge. 

The northern formation reposes whollyjjn primary tracts. It 
contains, and alternates- with, subordinate beds <of porphyry, 
trap, amygdaloid, and limestone; but only in one case has a 
trace of coal been found in it ; namely, near Merzdorf on the 
Bober. 

The southern formation of old red sandstone is similarly 
constituted, yet contains numerous beds of coal t in its northern 
and eastern quarters, where it adjoins the Eulengebirge, and 
where it reposes partly' on transition, and partly on primary 
tracts ; but the western quarter of the formation, which rests 

• Upon the mutual relaticnw of the old red sandstone and coal formation in general, 
M. FrS^leben sums up his opinion in the following words: That a portion of tliereal 

coal formation is found subordinate to the rothe todtliegendc, can no longer admit of 
doubt. Even Lehman raamtained tliat position, and it baa been tubs^uentljr elucidated 
and confirmed by the observations of JMadihn, frerhard, Lasius, Karsten, von Buch, 
Heim, and von Hoff. MM. von Schlotheim and von Hoff’ arc even disposed to incor- 
poeat© the whole of the coal fiormatioa (the coal rocks, properly apeaking), with that of the 
On die other hand, M. Voigt, and some other mineralomsts, have 
deviated ton die position of Leliman. For my own part, I coninder the rothe todtlie. 
gende and the true coal tracts (cigendichc steinkohlen.gebifge, oomposed of stlioeoue 
ctmj^ofnerates, coal sandstone, shales bituminous shale, and coal), as two, nearly allied, 
and yet diittn et , fiiwnmikins; although I am also convinced that seams of coal are found 
subordinate to the rodbe t4idtUegcnde.^*---(Secvol» iv. p. 170— ’173,, with the notes.)? 
f Von Badi. Geog, Beob. vol. i. p, 81—90, andp. 101-— T03. 
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upon the primarv tract of the Riesengebirge, appears to be free 
from coal. In tlie carboniferous portion, the red sandstone con-- 
glomerate and sandstone alternate with slate clay, coal, por- 
phyry, basaltic trap, amygdaloid, and limestone.’* * * § ^* Of these, the 
sandstone conglomerate, vsandstone, slate clay, coal, and lime- 
stone are, in general, very distinctly stratified ; the porphyry 
very seldom ; imd the basaltic trap and amygdaloid apparently 
never. The sandstone, particularly the conglomerated, passes, 
not imfrequently, through a liybrid compound of sandstone and 
porphyiy into porphyry containing pebbles, and thence into true 
porphyry. The porphyry and trap are found in distinct beds, 
but they constitute also high, extensive, mountain masses, of a 
nearly round, or of an elongated form, which have a sensible 
influence on the stratification of the adjacent country. Thus 
we find that around the great porphyri tic masses of the Hochwald 
and Hochberg, situate between Waldenburg and Gablau, the 
coal seams and concomitant strata, the lower portion of which 
underlie, and the upper repose on the porphyry, undergo great 
inflections, conforming in a great measure to the outline of the 
masses, which they thus enclose.+ 

In the carboniferous portion of the tract, there appears to be 
an uninterrupted connexion and interstratification of the whole 
series. But M. von Raumer, in considering the formation in a 
general manner, has distributed it into three principal masses. 

1. The /m/’csr, composed of red conglomerate, alternating with 
red sandstone, slate clay, coal, and porphyry. 

2. The intermediate^ red sandstone alternating with claystone, 
porphyry^ basalti#'-trap, and amygdaloid. 

3. The upper ^ red sandstone with subordinate beds of lime- 
stone. 

It is to be observed, however, that the limestone is found also 
in five places within the division No. 1, and in several places 
within the division No. 2; so t?liat, in fact, it is more or less dis- 
tributed through the whole formation, having been observed 
altogether in 22 different places, J ainl forming beds which seldom 
exceed 10 to 14 feet in tnickness.§ On the other hand, beds 
and masses of porpliyry, basaltic trap, and amygdaloid, are 
found also within the division No. 3. 

In the slate clay, which accompanies Ihe coal, the usual impres- 
sions resemblingferns, reeds, &c. are met with ; and similarimpres- 
sioiis occur in tie slate clay which accompanies the black lime- 


* The porphyry of this tract was formerly considered as more ancient than the old red 
saiidsime formaiiorr ; blit the reseeafches of M. von Anifnieff^ combiiuMl' with the 4utual 
experienoe of the luiniitg officers of Waldenburg, have proved Uiat the pariihyry in 
quettkm is of eontemporan^t ori^ 

f 8ee the map of the coal fidids neur Waldenburg, in M, voat worlc» 

reduced from that constructed by the mining officers. 

t Sec p. 106. 

§ Von Bud), Geog. Bedb. voL L p. 105. 
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stone of Ottendorf, &c. And in the limestone itself, which is 
most commonly of a reddish-grey cast, impressions of fishes have 
been observed in tw^o places, in a low and u high part of the 
formation ; at Kimzendorf near Neiirode, and at Rupersdorf 
between Friedland and Braunaii.’*^' 

In the Netherlands , — As the coal tracts of Germany, now 
noticed, bear a close analogy in structure to those of Scotland ; 
so do those of the Netherlands correspond with some of the coal 
fields in England. 

In the 24th volume of the Journal des Mines, M. Omalius 
d’Hallby has taken an instructive view of the mineral constitu- 
tion of the adjacent parts of France and the Netherlands ; and 
M. Clere has given in the same w^ork (Aug. 1814) a valuable 
account of tlie Eschweiler coal basin ; from which it appears, 
that the coal tracts of the Low' Countries are generally confined 
by a transition country, composed chiefly of associations ot‘ clay 
slate with quartz rock, greyvvacke, and limestone. In these 
tracts, the old red sandstone is of partial distribution, and the 
carboniferous limestone, when it appears, reposes either on that 
rock. e. g, on the Aleuse below Namur, or upon the transition 
country just noticed, e. g. in the Eschweiler district. And 
here, also, as in many of the English coal fields, the immediate 
foundation of the coal basin is formed by a broad belt of sand- 
stone and sandstone conglomerate, interpoj>ed between the coal 
formation and the carboniferous limestone. 


If the preceding view of tlie mutual relations of the first 
floetz group in the Britisli Isles and on the Continent tend to 
establish, in this instance, the proposition of a general order, 
combined with a variation in detail ; this is no more than what 
is confessedly known to prevail also in the primary and transition 
formations. The same doctrine appears, also, to hold good 
when we extend our view^s to the higher and later portions of the 
geological series. And if we consider the British Isles, though 
occupying but a small spa(?e on the surface of the globe, as 
containing within their compass, the chief exemplifications of its 
general structure, in fact, a type of its mineral conformation, 
which is, probably, not far removed from the truth ; the follow ing 
distribution of the formations, in which the floetz constitute four 
principal series, may not appear inapposite, upon a due examina- 
tion of their respective characters and more prominent relations. 

* In the Petrefactenkunde of Baron von Schlotheim, published in the year 1820 , it 
h stated, that the author has recently met with pfloladitcs, solcnites, and venulites, in the 
coal formations of Germany. But the principal sheik found in the coal tracts of that 
country, arc, it a|^ars, as in England, freshwater ebeUs. 
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I. PlUMAHY FoUMATIONS * 

II. S1.CONDAKY Formations. 

B. Floetz ; which, as characterized by particular minerals, or 

by predoniinaiit coxistitueiit masses, may e c esij^iia .e 


First Series. 

1 . Old red sandstoiH*. "j 

2. Carbonii'ercus limestone. Wh< 

8. Coal Ibrmation. J 


The "reat carboniferous tract. 


Second Series. 

1. Calcareous conglomerate. T great gypsum and salife- 

2. Maguesiau limestoac. > ® jous tract. 

3. IVcw red saudstoue. J 


Third Series 

1. Shell limestone (lias andl 


oolite). I The great shell limestone 

2. Ferruginous and green V tract, 

sandstone and limestone. 1 

3. Chalk. * J 

Fourth Scries. 

All fomiationarAd' an era laterT g,.gat trap and porphyry 

than c haik. including the new est V tract. 


than chalk, including the new est V tract, 

doetz trap formation of Werner. J 

A more detailed exposition of the floetz ““p 
Isle., compared ,v,th tlie.r e.luivaleaU ou the Conl.oeot, 

Has been already detailed. 

Second Series, as comprchendiu^lhe Formations oj 

In England. In Germany. 

X. ca»re»s conglomerate 

“InSrn .roup No .7 of 

G. M. being the lowest bed. , J,l^,°?:Ubedkf the 

following formation. 

•f them doe* not enter into my present view. 
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2. Limestone, argillaceous, 2. The Lower limestone for- 
sandy, and magnesian. mation of M. Freiesleben, 

C group No. 17 of comprising 

In the Lower Portionj 


a. Marl shale, partly bitumi- 
nous and metalliferous, copper 
shale. 

Bitumi noser mergelschiefer, 
or kupferschiefery and dach- 
schiefer, 

h. Compact limestone, some- 
what argillaceous. 

Zechstein {toughstone). 


In the Upper Portion, 

c. Porous sandy limestone, 
somewhat bituminous. 

Rauhwacke,rauhstein (rowgA- 
stone). 

d. Earthy and slaty swine- 
stone. 

Asche and stinkstein. 

e. Clay and marly clay. 

/. Lower or cavernous gyp-* 
sum, and rod* «alt. 

Schlotten gyps anS stein- 
salz. 


3. New red sandstone « and 
claymarl, with gypsum and 
rocksalt. Group, No. 16 of 
G. M. 


As substitutes of the preced- 
ipg appear partially in some 
tracts ; 

a. Cavernous limestone. 

Hbhlen-kalk;jrauh-kalk, 

b. Ferriferou^limestone. 

Eisen-kalk. 

3. The clay and sandstone 
formation of M. Freiesleben, 
consisting principallu of sand- 
stone and clay, with beds of 
slaty sandstone and roestone ; 
but including, also, 
beds of limestone and marl, 
loose sand and conglomerate^ 
and gypsum and rocksalt. 

The second doetz sandstone 
formation of Werner. 
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Third Series, comprehending the Formalions of 
In England. In Germany. 

>11 limestone. 1 • Upper or s^ell limestone 

B liinestoiie. Group, foriuatioiiof M. Freiesleben. 
f ri ivi Muschelkalkstein of Werner. 


1. Shell limestone. 

a. Lias limestone. Group, 
No. 15 of G. M. 

b. Oolite. Groups, No. 14 
up to No. 9 inclusive, of G. M. 

2. Ferruginous and green 
sandstone and limestone. 
Groups, No. 8 to No. 6 inclu- 
sive of G. M. 


2. Quader and Pliiner sand- 
stone and limestone of Wern4’, 

Hausmann, von Schlotheim, 
von Raumer, &c. 

The third floetz sandstone 
formation of Werner. 

3. Kreide o ditto. 


3. Chalk. Group, No. 5 of ‘ 3. Kreide o ditto. 

G . M . , ? • 7 T’ ; ' y 

Fourth Scries, comprehending the I'ormatums of 

In England. U/i the Coniinent. 

1. Plastic clay. Group,'' 

^2. Loudon clay. Group, In the Paris basiiu and other 
No 3ofG. M. V parts of France, 3 etherlands, 

3. Freshwater limestone. ' Switzerland, Germany, Italy 

Group, No. 2 of G. M. ^ 

4. l)pi>er marine. Group, 

No. 1 of G. M. 


5. WOod coal^ 


0. NeVest floetz trap, por- , „ , .4, c-m,-, 

phvry and syenite, of Werner. In Bohemia, v. axony, Silesia, 

In the north of Ireland, the Auvergne, Italy, ixc. 

Western Isles, and mainland In the same position, and, 
of Scotland, overlying both ^ also, overlying and alternating 
nrimary and transition tracts, with floetz formations of the 
aswell as the floetz of the first, fourth senes, e. g. ^ 

second, and third series. Per- \tergne, and the north of Italy, 
haps, also, in part, in the nortii 
of England. J 

To complete our view of the existing state of the crust of the 
globe, we must also notice 

III. Pyuogenkovs For.mations. 

Mineral masses affected by the operation of subterraneous 

a! The pseudo-volcanic ; e. g. collieries in a state of combus- 
tion. England and Germany. 

• See, for instance, Dr. Daubeny In *e Edinb. PhUos. Journal, Tols. ui. andiv. ; and 
Ebel’s Alpen-Bau, vol. i. 
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b. The volcanic ; active, in Iceland, the Andes, &c.; extinct, 
in Auvergne, Banks of the Lower Rhine, &c. 

Their further consideration is not connected with my }’)re 3 ent 
subject. 


In noticins: in detail the second and tliird lloetz series, I shall 
confine myself in a great measure to those formations in Ger- 
many, which came under the more immediate vie vv ofM. Freies- 
leben, and are described by him ; my observations on which may 
prove acceptable to the English geologist, by aft'ording him an 
opportunity of drawing for himself a parallel betiveen them and 
the British. The latter i shall here merely indicate, since they 
form a field, of which we have hitlierto received no full account, 
and my owm researches have been merely of a local character. 
Their complete investigation, however, would jirobably bring to 
liglit many instructive facts, and tend more iidly to establish 
their correspondence with the German. 

( 7\) be continufti.) 


Article IL * 

On Thomson it a new Mineral Subslance, 

By P. Scpiires, Esq. 

(To the Editor of the Anna/s of Philosophi/,) 

iVortrir/i, An^*2Gy 1^2?. 

I BEG to hand you a few particulars respecting a mineral 
lately found m this neighbourhood by myself, which does not 
seem to be described in any of the works on mineralogy with 
which I am acquainted, and vequest, if convenient, you will give 
it publicity in your pages. I am, Sir, with respect. 

Yours obediently, 

Paul Squires. 


The colour is snow-w hite, and sometimes yellowish-white, and 
in the massive specimens passes into asparagus green. It 
* occurs crystallized in four-sided prisms, about an inch and a half 
in lengtli, terminated in flat irregular- sided pyramids, levelled at 


* In vol. xvi. p. 19S, it will be seen that this name has been already given to a 
-jl^eral substance. It will be better, therefore, if Mr. Stpures would dssignatc the 
? ^neral found by him by some other term,— Ed. 
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the extremities. The lateral planes are longitudinally striated. 
The crystals are imposed on the same mineral, massive, which 
is uneven and sparry. 

The lustre is vitreous, inclining to resinous externally, inter- 
nally splendent. The li acture is fibrous ; cross Iracture small and 
earthy ; in the massive inclining to splintery. 

It IS transparent in the largest specimens, which are rare ; the 
ma»ive translucent on the edges. 

It scratches rhomb spar, and is scratched by fluor. It is 
easily frangible. 

Specific gravity very low ; as near as I could calculate only 

about 2" 15. , . 

Under the blowpipe, it, with difficulty, tuses into a white 
enamel. It slowly effervesces with the acids, and loses 38 per 
cent, in weight, leaving six parts of an insoluble powder, which 
lias the properties of silicia. The solution holds lime and mag- 
nesia, which, when separated, as correctly as 1 could, by Dobe- 
reiner’s method (Anmi/s, Nov. 1818), which is to precipitate with 
carbonate of ammonia, ^cc. yielded 30 parts lime, and 10 parts 
nueniesia. A few grains of salt of potash 1 unfortunately neg- 
lecred, which makes the analysis more imperfect than 1 could 
wish. ’ Meanwhile, it stands thus : 

Lime .....* 

Magnesia 

Carbonic acid 

Silicia 

J\)tash,#^v'-ater, and loss b 

100 

It occurs in a chalk pit belonging to Mr. Fountain, of this 
citY» near Little Catton. , 

this mineral not being described in any system, I have ven- 
tured to designate it T/iomsonite, in honour of the illustrious 
«li€*nist and mineralogist of that name, and Professor in 

Glasgow* 1 1 1 1 r 

I shall endeavour to forward you a specimen, by the hand ot 

a friend, at an early day for your examiiiation P. S. 
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Article III. 

Tables of Temperature^ and a Mathematical Development oj the 
Causes and Laivs of the Fluvnornena tvhich have been adduced 
in Support of the Hypotheses of Calorijic Capacity, Latent 
Heatf 6)C. ‘ By John Herapath, Esq. 

{.Continual from p. 21i.) 

When, to gratify my friend the Rev. Mr. Trimmer, I first 
undertook to write the present paper, I intended to confine 
myself to a simple development of the mathematical laws of the 
phaBnomena I had in view, and to close them with a few obser- 
vations on the hypothesis of “Latent Heat;’' an hypotliesis 
for the welfare of which the extent and soundness of this 
gentleman’s Newtonian views, will not allow him to have 
that regard and solicitude which many j)hilosophers have 
so anxiously, and, perhaps, so laudably, displayed. Since 
that period circumstances have occurred to induce me to inter- 
rupt the series of propositions witli a popular view of my ideas on 
the changes of state, the nature of vapours^, and the plianiomena 
of evaporation. By this course 1 hope to avoid as much as 
possible the charge of clouding' pliilosophical views with niatlie- 
matical formulae Unfortunately the shortiiess of the time since 
this interruption has appeared necessary, has put it out of my 
power to make those extensive researches requisite to com))lete 
my theories, or even to give my ideas tlvat elegance of arrange- 
ment alike due to the dignity and the utility or’ the subject. For 
any blemishes of this kind winch may appear, I trust, with the 
candid and liberal, 1 shall be ( ntitled to some indulgence ; but 
however much such imperfections may detract from the merit 
this part of the paper, and however great a portion of indulgence 
I may on this account, in the opinion of some, stand in need of, 
I hope it will not be discovered I have any reason to claim an 
allowance for glaring errcfrs, visionary views, unphilosophical 
deductions, or palpable and unpardonable inconsistencies. 

Theory of the Causes of the Changes of State in Bodies, with an 
Elucidation of same oJ' the concomitant Pharnomena. 

Whenever a body changes its state from a fluid to a solid, or 
from a solid to a fluid, a new arrangement of the component par- 
ticles, or atoms, generally takes place ; in the former case, there 
is commonly a further aggregation of the atoms; and in the 
latter, a division of the particles. How this aggregation or divi- 
sion may be effected, and to what cause it may be owing, I have 
briefly hinted in my late paper. If the primitive atoms of a body 
were spherical, the body could never exist but in the fluid or 
gaseous state ; no degree of cold however great could affect the 
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arran^^'ement or manner of intestine motion of the particles, or 
prodifce any degree of relative fixity in the parts : such a body 
would be a perfect fluid. But if the atoms or particles have a 
certain fitness or adaptation of figure, the cohesive tendency, as 
I have shown in the above paper, will be greater than if the 
atoms or particles weie spheres ; and in proportion to this adap- 
tation will be the cohesive tendency or adherence of the atoms 
or particles. If the particles of a solid, by whose vibrations the 
temperature of the solid is measured, he composed ot atoms or 
other particles of difl'erent degrees of a<laptation, then, because 
the cohesive tendency of the jiarts of the particle will always 
remain nearly the same, the intensity of the collision of the par- 
ticles on one another, arising from the temperature, may be so 
increased as to overcome this adhesion of the parts of less adap- 
tation and, consequently, disunite them from the other portions 
of tiu’ir respective particles. The parts of, perhaps, severa 
contiguous particles disunited in this way, having but a small 
individual motion, may, with a slight adaptation, easily unite, and 
form ii new particle or jiarticles ; so that, perhaps, out of four, 
five, or six particles, there may be formed five, six, seven, or 
more. Should it happen, as it is most probably the case, that 
the cornered irregular parts are disunited, the particles afterwards 
liaviiip' a more spherical loriiiy as well as a gieatci latitude of 
mot ion from their diniii*ution of size, will have a greater freedom 
of motion among each other; and, consequently, ccmipose even 
at tile same temperature a body ot a more soft and fluid natup. 
If the disunited parts happen to be sufficiently great, theiemain- 
iim* parts imw be su^icicntly spherical, and from their diminution 
lurve so increased a latitude of motion as to compose a body 
nearly perfectly fluid, such as water, mercury, &c. In oUier 
caseso tiiis disunion of' parts may not absolutely take place. Ihe 
fleidity may result entirely from the latitude of motion being 
gnuluuliy augmented, until it be great enough to enable the par- 
tides in their vibrations to exceed the iidiuence of the irregula* 
ritv of figure in restrjiining a perfect i'teedom of motion. b>uch 
bodies will have tlieir rigidity gradually dimmished until they 
become quite fluid, 'fallow, wax, glass, pitch, tai, &c. seem to 
be bodies of this kind. Other bodies again may have their ngt- 
ditv gradually diminished, and at certain temperatures disunions 
be.side take place ; by which view of things there seems to he the 
greatest scope for expounding every possible variety of phteno- 
inena. Amidst all these different bodies, however, it is manifest 
that any one body will always have the same degree of liquidity, 
or softness, at the same temperature ; and, therefore, whether 
the g-iven temperature be produced from a higher or a lQ#rer 
temperature, the liquidity at that temperature will be the same, 
agreeable to experience. 

"When certain parts of the particles are incapable of remaining 
in union beyond a certain temperature, if the solid at a muc 
New Series, vol. ii. s 
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loss, the particle’s force of unity is still further weakened ; and 
thus matters will proceed until the particle be completely dis- 
membered, and its parts arrogated by some of the others. 

During all the time of the solidification, it is plain the temper- 
ature of the body will remain constant; for as soon as the least 
solidification ensues, the temperature in the immediate neigh- 
bourhood of it rises. This excess being quickly abstracted by the 
contiguous particles, a diminution, another solidification, and a 
conseciuent rise of temperature, ensue. And in this way the 
temperature of the body in the parts of the solidification will 
oscillate a trifle ; but the general temperature camiot descend 
below the point of solidification. 

Though it be generally true that during the congelation the 
temperature of the body remains stationary, yet it is possible for 
the body, under peculiar circumstances of figure in the particles, 
to be cooled down considerably without solidiiying. ^:?iippose, 
by way of example, the particles are of t hat figure that it is only 
in some jiarts of them the superior adaptation lor the parts of 
the dismemberui)lo particle exists. Then if the vibrations of the 
p'virticdes are such that the unitable parts do not come in contact, 
an increase or diminution of temperature will dilate or contract 
the paths of vibration ; but if there be no agitation to disturb 
the relative movements of the particles, it will not a fleet the 
figure of their paths, or the maimer of their collision ; and, con- 
aequently will not so soon dispose them to submit to those 
changes which produce solidification. If, however, during the 
time the temperature is beneath the point of congelation, any 
agitation calculated to disturb the relative riiotions*of the parti- 
cles is given to the body, the unitable parts will be more likely 
to be brought nearer together ; and thence, of course, a rapid 
solidification will take place, and (lie whole temperature be 
raised to that of solidification, provided the previous temperature 
be not too low. That the temperature will rise to this, if the 
agitation be sufficient, and no higher, and that sucli a quantity 
only of the fluid will be itolidified as wall enable it to rise to this 

1 >()int are manifest ; for if by a greater solidification it should rise 
ligher, a liquefaction, until the body w as reduced totliis temper- 
ature, would be the consequence ; because the body cannot 
retain its solidity beyond this temperature, as I have before 
shown. Moreover, if the agitation be sufficient to give all the 
particles a like chance of bringing their unitable parts together, 
it fallow's that if the temperature be not so low that the excess 
resulting from the entire solidification of the fluid would be 
incomptitent to raise the temperature to the point of solidification, 
a sufficient quantity at least will solidify to bring the temperature 
of the whole to that of solidification. And because there is no 
reason why a solidification should take place in one part of the 
fluid more than in another, the whole mass will either be equally 
and completely solidified, or the solidification will be uniformljr 


1821 .] Cairns of Caloric Capacity y Latent Heat, S^c. 261 

partial throughout the fluid. In the latter case, the solidified 
part will exhibit a porous imperfect kind of solid, like the 
spungy mass observed by Dr. Thomson. 

^ While its temperature is below the degree of solidification, if 
any other motion be impressed on the fluid, not calculated mate- 
rially to disturb the relative motions of the particles, the body 
will obviously, notwithstanding this motion and the lowness of 
its temperature, still retain its fluidity. Hence the reason of the 
phamornena observed by Sir Charles Blagden, Phil. Irans. 1788^ 
namely, that a stirring of water cooled below 32^^ Fahr. does not 
cause it to congeal; while a tremulous motion does. For by the 
one, the parts of the fluid merely slide over one another without^ 
perlmps, scarcely affecting the relative motions of the particles ; 
and by the other, a succession of irregular impulses is propa- 
o-ated throughout the fluid, and, consequently, to every part ot 
by which the relative motions of the particles cannot fail to 

'be considerably disturbed. n • • t 

Sir Charles also tells us, that opaque bodies floating m the 
water cause it to shoot into crystals when only a few degrees 
below the freezing point. This probably arises from the heteio- 
o-eneous figure of these bodies producing a constant irregularity 
HI the motions of the aqueous particles, and thus disposing the 
body more readily to solidify. The same philosopher likewise 
informs us, that too sadden a cooling down of the water will 
cause it to freeze. Now if we conceive when the temperature is 
above the freezing point, the particles to have a latitude of 
.motion which would render their excursions wholly independent 
of the influGpnce offlie figure of the particles, these excursions 
in tlvis case may be attended with a sort of rude iiiegularity 
which would not affect the fluidity under such circumstances, 
and which might be gradually constrained to within more regular 
and uniform limits by a slow and gentle abstraction of tempeia- 
ture, so as not to destroy the fluidity ; but vvliich, if too suddenly 
acted on by a rapid preposterous deduction of temperature, 
would, for the reasons we have already given, cause an instant 

solidification. , , , , j 

A piece of ice thrown into water cooled below 32 , Bla^deia 
observes, causes it immediately to shoot out into crystals, ims 
seems to be owing to some peculiarity in the airangement or 
figure of the icy particles, aided by the lowness of the tempera- 
ture, which prouiices a dismemberment in the first instance o 
the adjacent divisible particles, and thence by a rapid commimi- 
oation, a dismemberment of the more distant ones. The precise 
way in which this is effected, a greater variety in the expenment 
is necessary to determine. Many notions might indeed be 
easily formed of the manner in which it could be done ; but ^ 
experiment cannot be brought to their support, I prefer not 

detailing them. t 

We have now traced the principal phsenomena attepding toe 
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chtoges of state from the solid to the fluid, from the fluid to the 
aeriform, and vite tersa ; and we have seen that in* general, 
changes from the solid the fluid, and from the fluid to the 
aeriform st^e, are accompanied with an increase in the numera- 
torn as referred to ecpiality of weight, and, consequently, with a 
diminution of temperature. On the contrary, in changes from 
the aeriform to the fluid, and from the fluid to the solid state, a 
diminution in the numeratom, as referred to equality of w^eight, 
Ivill generally be the case, which will be productive of an 
increase of temperature. These conclusions, though holding 
pretty generally, are by no means to be considered as universal 
laws. Instead of an increase of temperature in the condensation 
iof vapours, and the solidification offluids, or a diminution in the 
vaponsation of fluids, and the liquefaction of solids, we may 
cither have the Very contrary, or no change of temperature at 
all, and by no means violate our general views. We have 
already shown that the liquidity of bodies depends on two cir- 
cumstances ; the sphericity and the extent of the aberrations of 
the particles. Were the particles perfectly spherical, the body 
W'Ouid be perfectly fluid ; and even if they were not, a perfect 
fluidity may be obtained by only giving them such a range of 
Tibration as would carry them beyond the irregularities of their 
figure. Therefore, if we suppose a decomposition to take place 
in the particles, in the manner we have before described, a 
recomposition may be so effected as to make the new particles 
Hot only more spherical, but, perhaps, of an equal or less num- 
ber ; in which cases a perfect fluid may be formed w itii an equal 
or even a higher temperature, than the solid had from which it 
was derived. For the coriv*erse reasons a solid may be formed 
from a fluid of an equal or an inferior temperature. I cannot 
say that I can call to mind any particular instance of this kind, 
nor will the sliort time I have Xo prepare for the press allow me 
to make any researches ; but surely nothing can be a greater 
proof of the beauty and probability of a theory than this very 
extensive generality I have shown it to possess. 

Some idea of the cause and manner of union between the par- 
ticles of aeriform bodies, and the consequent condensation will 
be given in a subsequient part of this paper, on which account I 
shall not stop here to detail it ; but we may anticipate that the 
particles of two distinct gases may have a very great adaptation 
of figure, though the particles of either gas alone have little ot 
iio adaptation. Tlie particle^ of two such gases minted together 
would speedily form a union either with or without condemation, 
according as this union does or does not dispose the partidei to 
a further aggregation. But if it should not so dispose them, an 
increase of temperature and specific gratity wiM be the conse- 
quence. An example of this kind of anion is found in the form- 
ation of carbonic acid gas from a mixture of carbonic oxide and 
iirygen, thOngti the conA>ination requires the assistance of an 
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electric spark, which nmy be considered an artificial nreans u» 
more readily disposing the particles to unite. In other respects, 
the phajnomenon precisely follows the consequences of our 
tlieory. Not only vs tiiere an increase of temperature, iollowed 
aftervvards by an increase of specitic gravity, but, what is a still 
more remarkable confirmation of our views, the specific heat, ’ 
as it is called, of the product, carbonic acid gas, is less tluui tuat 
of either of the component gases, when referred to equaluy oi 
weight, and greater when referred to equality ol volume, jusw as 
it should be according to our theory. 

If the particles of the new gas have a proper irregularity and 
adaptation of figure, anotlier union may take place ; and tor like 
reasons perhaps, this may be fullovved by others until the parti- 
cles be.come too massy for tlie body to continue in a gaseous 
state which will be productive of an uinnedtate condensation 
into a fluid or solid. In general, this condensation will, on 
account of the aggregation of the particles, be accompanied with 
an increase of temperature, which is usually the case in gaseous 
condensations. But if there be a greater adaptation between 
certain parts of the diti'erent aggregated particles than Detween 
those parts and the rest of UVe particles to which they are 
respectively united, no sooner will the gas be condensed than a 
decomposition will take jilace. and the more mutable parts will 
form new particles ; anti still the body will remain m a solid or 
fluid state. By this means it may happen that the number ot 
particles in the solid or fluid may, instead of being considerably 
less, be, perhaps, greater, eciual to, or but very tnflingly less, tlvaii 
the sum of the particles in the two gases previous to condensa- 
tion In such a case, the temperature of the solid or fluid result 
would either be less, equal to, or but a very trifle greater than 
that of the o-ases. Though with our views it is mauitestly [.os- 
siblc there Ts no instance that I know of m which a fluid or solid 
product from gaseous condensation has an inferiority ol temper- 
ature We have, however, converse cases, in which acrilorm 
bodies are produced from solids with Jl considerable elevation ot 
temperature that amount to very little less than a ifirect proof. 
Gunpowder is a well-known example ot this kind. Therefoie, it 
we knew how to reduce the air which is ^enyed from the explo- 
sion of gunpowder to its solid state, we should have an mstance 
of the couversion of an air into a solid accompanied witn a loss 
of temperature. Such an experiment, though at present impra^ 
ticabie, is not impossible in idea; might it not, therefore, be 
esteeraed an elucidation of the kccuracy of our general prin- 
oi'Wld^ 9 

Instances likewise occar where the rise of temperature is so 
little aa to be comparatively insensible m respect of other similar 
phenomena. For example, when amtnoniacal gas and amnatic 
acid gas are mii(ed togetlmr, they |iro4»ice a soli^ and yet a 
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very inconsiderable rise of temperature takes place. Sulphu- 
rous acid gas and ammonia, sulphuretted hydrogen «gas and 
ammonia, both of which condense into a solid salt when mixed 
in equal volumes, occasion a still smaller elevation of tempera- 
ture.’^'*^ These, and other instances of the kind, which it is easy 
to adduce, though confessedly of the utmost difficulty to be 
accounted for on the calorific hypothesis, are very easy conse- 
quences of the theory I have given. 

Again, let us conceive a solid or fluid composed of particles, 
the parts of which, to put the theory under the most unfavoura- 
ble circumstances, we will suppose, are united by their most 
adaptable sides. Then though m any particle these contiguous 
sides be the most favourable for union, and, consequently, the 
other more exterior sides be less favourable, yet such may "be the 
relation of these contiguous sides that their mutual adaptation 
may be much less than the adaptation they have ibr the like, or 
probably interior sides of similar or other parts of other particles. 
While the body, therefore, continues in its present state, these 
sides of superior adaptation in the diflerent particles cannot come 
in contact, because tliey are already in contact with other parts 
of their respective particles ; and thus, when the particles meet, 
are turned from, rather than towards, one another. No decom- 
position and other combination can, consequently, in this state 
of things take place. But if we supposeHhe particles ol’ a small 
part of the body to be by any means decomposed into an air, the 
lowness of the temperature of the new particles, as we shall here- 
after show, arising from the de('ornposition, may very much con- 
tribute to unions lietween the most ada})table pafrs. Nor is 
there any reason why, if tlie figures of the particles favour it, 
that the unions may not be carried to a length suflicicnt to make 
the number of tlie particles of the decomposed massr less, and, 
consequently, their magnitude^ and temperature greater in the 
gaseous than they were in the solid state. This being the case, 
tJhe gaseous particles may strike wilh a force sufficient to 
decompose another such a mass, or, perhaps, more of the body; 
and this being in like manner gasefied will produce a similar 
efl’ect on another portion, and so on until the whole body is con- 
verted into gas with a.rapidity, periiaps, in appearance, equiva- 
lent to a total instantaneous explosion, and with a rise of 
temperature proportioned to the aggregation of the particles. 
Tlius the explosion of a single particle may be suflicient to 
explode the whole mass, however large a quantity it may be. 
The confirmation which is given of these views in the explosion 
of gunpowder, fulminating argentum, fulminating aurum, &c«iire 
top trite tmd familiar to need any comment. 

Whatever differences exist betw^een powders of this kind may 
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be explained on the simple principle of adaptation. 

the acLptation of the corpuscular parts m the solid, and the 

^eater in the consequent gas, the more easily the body will 

explanation will hold good equally in the general outline, 
whether the explosion leaves a residuum, as by Mi. R-obins s 
experiments it appears the tiring of gunpowder does, or whether 
the body in the explosion combines with any part of the atmo- 
sphere, Uich, it would seem by the mciW ^ve.gh of the 
ffLeous product, aurum fulmmans does. Ihe only 
Lve had^n view are to showt liat a solid may be converted into 
a gas having particles of a greater magnitude, and that the 

explosion of one small part of the body is ^ 

whole ; both of which objects are independent of the above 

In all cases 1 think it will be found, where bodies explode m 
this wav by communication, that the ex[)losioii will be accompa- 
nied with 'an increase of temperature, unless siny 
might operate to the contrary, of which it would be ditticult to 

forni uii without expcriniciit. 1,111 

From the views I have taken, it appears that all changes 
which produce an increase of particles out ot the same quantity 
of matter, must be attended with a diminution ot te^PJjture , 
and all changes whicH produce a diimmilioii of particles in the 
same quaiititT of matter, w itli an augmentation ot ^cuipemture. 
Conversely all changes of teiiqierature arising from any change m 
Ae co„.uu,uo„ Oi^au,, e of tl.o body, a, o aecompamed ,v,* ao 
aa-£ire<>atioTi or decomposition m the particles , that . > 
cSemical change ; for chemical changes do not consist in any 
1 of the component atoms, but merely in new arrange- 
meirts and associations of tiiem. But notwithstanding such 
chan-es of temperature (which,, to distinguish them from natoal 
elevations and depressions, may be called corpusculai chai g s 
o t ie peJature) a e invariably attended with a chemical chanp 
in rim body or its particles, it is not*i.onversely a universal rule, 
that chemical chaiges produce ^ corpusplar chanp of t^^^^ 
ture In other words, the rule that has been geneially given by 
chemical writers ; namely, “ that all chemical cjipgc* 
an alteration of temperature,” is npt a law of 
sarilvtrue in all cases; but rather an extenspe case ^mver 
sal rule. If the change has not increased or diminished the 
number of particles in the body, or the be 

bodies, if more than one body, the 
aft'ected, however great an alteration 
the colour, density, and chemical properties, 
bodies. But the case of a perfect equality 

and after the change requires so nice a balance m the num^ra 

of ?h. porticlo., .od .0 .»oa a davi^on » 

numbers would produce so considerable a difference m toa |«re- 
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vious and subsequent temperatures, that it is not surprising an 
instance of perfect equality hasj perhaps, not ^en disoovered. 
By our theoty, a diflerence of one particle in a thousand at the 
temperature of ice melting, would be enough to change the tem- 
perature of the result a degree of Fahrenheit; and one in a 
hundred would make near 10^. At the higher temperatures the 
same difference in the numbers of the particles would occasion 
a still greater difference between the temperatures. 

Notwithstanding we can hardly, under such circumstances, 
expect to, and cannot, that 1 know of, instance a case of perfect 
equality in the previous and subsequent temperatures, where a 
chemical change has been effected, yet there are many phteiio- 
mena which prove its possibility. Thus, to go no further than 
the cases 1 have cited, in gun and fulminating powders, there is 
a conversion of solids into airs accompanied with a very consi- 
derable increase of temperature; w'hile, in general, such conver- 
sions are productive of very considerable diminutions of tem- 
perature. Now if the conversions of water, vinegar, alcohol, &c. 
into airs are attended with diminutions of temperature, amount- 
ing* to between 800^ and lOOO"^ of Fahrenheit, as philosophers 
tell us, what reason can be assigned why the gasefymgs of those 
powders, which, in the general view of tlhngs, appear to be 
parallel cases, should be attended with so great augmentations 
of temperature ? Do not such phienomeiuV prove that they are 
the demonstrated extremes of an equally possible mean ? Besides 
in some of the other cases that I have mentioned, for instance 
the condensation of sulphuretted hydrogen gas and ammonia 
into a solid, the rise of temperature is so small compjffed to that 
which results from the condensation of aqueous vapour into a 
fluid only, that it might almost be neglected. Here tiien are 
examples of gases being converted into solids with scarcely any 
elevation of temperature ; while„by the ordinary examples of the 

f cnerality of other similar phrenomena, the elevation ought to 
ave been upwards of a thousand degrees. In the absence of a 
direct particular case, such facts are surely as decided a proof 
as can be expected of the accuracy of our general conclusion ; 
namely, that it is possible for a chemical change to take place 
without any alteration ^f temperature. 

Many other examples might easily be advanced of the facility 
With wnich the various phtenomena connected with a change of 
i^te flow from our principles. We might also extend the same 
rieW'^s to the phaenomena of combustion, and might show that 
they all flow from the same simple principle; — adaptation of figure 
in me parVicles of the supporters and combustihlesf atid inadap^ 
tatiofi in the supporters and incombustibleS ; but as I have 
Idready said more of my general views of the phenomena 
6f the change of state than is suited to a paper of this kind, I 
ahall resette a further detail of my inquirtes into this part of the 
aubjei^l4) another opportunity. 
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Theorg of the Nature and Laws of Vapours.* 

The intimate T^iysical cause of the conversion of fluids into 
vapours being closely connected with the cause of the reflection 
of lieht at the anterior surfaces of bodies, the limits of the pre- 
sent paper would not allow me to develop it in a manner suitable 
to its extent and importance ; for which reason 1 have thought 
it better to omit touching on the subject in this paper altogether. 
And as it mio-ht have seemed strange to treat of the cause of conden- 
sation without explaining that of vaporization, and I perceived 
it would be necessary to say something of the nature and laws ot 
vapours, I preferred deferring my observations of condensation 
to this place when they might serve to throw some light on the 

nature and laws of vapours. ^ 

Were the particles of an air sufficiently small, it would, per- 
haps, be impossible by any means, short of total abstrption ot 
motion or temperature, to produce a union or condensation when 
they meet ; for the Ibrce of condensation diminishes as the 
ma^mitude of the particles diminishes, while the force to resist 
wlimh is as the temperature may remain the same. But one oi the 
chief causes of condensa tion is the irregularity and adaptation ot 
fio'ure. Spheres of all figures are the least adaptable, and the 
most efficient to resist a union. When bodies with irregular 
figures meet, the chdnce is many to one against their striking 
each other in a line passing through their centres of cavity ; 
consequently, the c;ollisions will generate a whirling kind ot 
motion about the^e centres of gravity, which will occasion me 
bodies soitietimes to strike with a greater, and sometimes with a 
less, than their mean force. By this means it rnust happen, not- 
withstanding the mean motion of the particles be the same, tha 
they will recede with a less force after some collisions than after 
others, and hence will be less alile to resist a union m those 
cases than in these. This inability to oppose a union 
wise be increased or diminished according as the mostadapteble 
sides are turned tow-ards or from on*e another at the times ot tte 
collision, and according as the particles are then moving towards 
the same or opposite parts. Let us, therefore, co«°eive thatat 
a certain temperature the force of colli^on is sufficient to ot ei- 
come the most favouiable circumstances of muon, but at a less 
temperature it is not. Then at all higher ternpemtures the^r 
would preserve its gaseous property, but at inferior 
when me cDUcomitant circumstances wpe favourable, the 
cles would not be able to recede with a force ^ 

resulting from the adaptation of their stnkmg patte, ^fflEKl ^ 
would, loBSequently, unite ; and this umoii 
through the parts of the air will compose “*■ with less m Hm«- 

• Thw ihoo*, wiH iwdve « foithw duddWioB wh*n I c«ne te 

aoiAena and U#8 bf cv»po» 
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ber, but more massy particles. The particles of this new air 
being greater would, at the same temperature, have a le§s velo- 
city, which would alone, if the figures of the piltticles disposed 
them to it, tend veiy much to promote a further aggregation. 
Independent of this, the superior action of the particles resulting 
from their increased masses, if aided by a sufficient mutum 
adaptation of figure, would produce other unions, though it 
should be at a considerable elevation of temperature ; and if the 
resulting particles have yet adaptation enough, the unions 
may be carried to a still gTeater length. However, it may hap- 
pen that after one or two unions only the masses of the particles 
may become too great to enable them to be reflected with a 
sufficient velocity to preserve their aeriform property, and then 
of course a condensation will immediately follow'. Under any 
circumstances, if the temperature and successive figures favour 
it, a condensation will be the consequence. This is the most 
getieral view' that can w ell be given of the cause of condensation' 
There are, however, other circumstances which might contribute 
towards, or eflTect it, that 1 may hereafter explain. 

K this theory' of vapours be granted, it follow's that the whole 
difference between gases and vapours consists in the figures of 
their component particles, and that, therefore, vapours uncon- 
nected with their fluids at all higher temperatures than those at 
which they w'ould condense, have the same laws ol‘ expansion 
and contraction as gases, which agrees w itli the experiments 
of Mr. Dalton; for he has found that tlieir elasticity uncon- 
nected with the fluids from which they are formed, increases 
or diminishes with their temperature ; amf that l^lieir bulk 
undergoes precisely the same increase which air does under 
the same circumstances and change of temperature. These 
two laws, especially the last, are a decided demonstration 
of the views I have developed, and authorise, therefore, the 
admission to vapours of all the laws of gases I have demonstrated 
in my last paper. 

Wlien any number of equal volumes of different gases having 
no chemical action are mixed at the same temperature, the elas- 
ticity of the compound mass reduced to the same volume is equal 
to the sum of the elasticities of all the component gases. Ihis 
Hieorem, which experiment has confirmed, is not demonstrated 
in my last paper ; but it is a very easy consequence of what I 
have there delivered. Hence vapours above ceitain temperatures 
being of the same nature, and following the same laws of dilata* 
tion as gases, the same law of elasticity will likewise hold good in 
a similar mixture of any number of vapours, or of any number of 
vapours and gases, provided no chemical action takes place. 
This conclusion has been experimentally proved both, I believe, 
by Mr. Dalton and M. Gray-Lussac. 

From the experiments of Mr. Sharpe and of Mr, Southern, it 
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would seem that the specific gravity of steam in connexion with 
its watQi- is nearly in proportion to its elastic force. Though this 
might appear toliold very nearly in their experiments, it cannot, 
however, be perfectly accurate, if Mr. Dalton’s laws of vapours be 
correct. According to the laws ofgaseous bodies, I have heretofore 
demonstrated, and which, both by tlie experiments of De Luc* 
and myself, have l)een shown to accord with phienomena, the 
numeratoms, or which are in this case the same, the specific 
gravities of different quantities of the same kind of air, are as 
the elasticities directly, and the squares of the temperatures 
inversely ; and, therefore, the specific gravities cannot be pro- 
portional to the elasticities, unless the temperatures are equal. 
Even taking it on the old theory with the Fahrenheit tempera- 
ture, Sharpe and Southern’s conclusion, and the preceding jaws, 
will be found equally inconsistent. By the gaseous laws, 
which all philosophers admit, the specific gravities of any por- 
tions of tlic samci air at equal temperatures are as the elasticities; 
and it has long been found that the increments of Fahrenheit 
temperature would in either portion produce nearly proportional 
decrements of specific gravity. Consequently under no circum- 
stances whatever can the specific gravities and elasticities be 
proptu-lional if the temperatures are unequal. It may, perhaps, 
be thought that the connexion of the va))our wdth the fluid and 
its successive gencirKion might make the circumstances vary 
from the tu'dtnarv haws of gases ; but. this cannot be the case ; 
for the conclusion 1 have drawn is so general and independent 
that it could not be afiected by such circumstances. The true 
solution (»f the fB-olrlem seems' to be, that Messrs. Sharpe and 
Southern’s experiments, though embracing a long range on 
Fahrenheit, were not carried to that extent to make the ratio of 
the true temperatures very sensible : wdiieh, combined w-ith the 
errors inseparable Iroin such diffi(.iult and delicate experiments, 
rendered it impossible for theiii to appreciate any little anoma- 
lies. Viewed in this light, tliese experiments become a further 
confirmation of the theory I have given. The following table 
exhibits, according to the views of Messrs. Sharpe and Stmtliern, 
the specific gravities ol aqueous steam calculated from the elas- 
ticities observed by Mr. Southern, at a few temperatures, com- 
pared with those resulting from the theory I have given; the 
specific gravity of common air at til) ' Fahr. being 1000. 


• From some ciTcumMancts which have fatciy come to my knowledge I f<*l >‘m- 
•essarv to observe, tiiat in quoting pliiloaophers I liave notlung to do with their pubiK; 
or tlieir private feuds, W^ith many of the eminent living authors, I have not the honoim 
of an ^uaintance, and with those who liave been dead, even but Hjp 
have no connexion. The expression ol luy opinion has been umnfhifiiiced by pnva^ 
feeling, nor have I in my observations bean actuated by pturtiahty or piejutticc* 
les6 by any desire to give offence. 
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Temp. 

Fahr. 

Elasticities in 
inches, of 
mcrcuiy by 
Southern. 

> , ^ 1 

Sp. gr. steam - Differences of 

by Southern 1 

and ftharpe. , | 

Ratios of 
results. 

212° 

30° 

0-4545 1 0-4545 

o-oooo 

1 

T 

250-3 

1 60 

0-9090 0-8591 

0-0499 

f) <> 0 

293-4 

1 120 , 

1-8180 1 1-6184 

0-1996 

(i () 0 

' TTT'T 

343-6 

: 240 i 

3-6360 i 3-0315 

()-6()45 

fi 6 0 


From this table it is plain, how very trifling an error it would 
require to make any of Messrs. Sharpe and Southern’s experi- 
ments coincide with the tlieory I have advanced. Even in the 
last case, an error of less than one-sixth only, which on this 
subject is considerably within the probable errors of observation, 
would be sufficient to’ make the two numbers coincide. How 
desirable, therefore, would a careful repetition of such experi- 
ments be? But to give the finishing stroke to the theory of 
vaj^ours, there is wanting a correct and extensive set of experi- 
ments on the temperatures of the boiling points of different 
fluids under various compressions. Such experiments as these 
carefully made for a great range of temperature, and connected 
with the expansions of the fluids under similar circumstances, 
W'ould be of more service towards perfecting the laws of cohe- 
sion, the theory of the steam engine, and, it appears to me, even 
the laws of the reflection and refraction of light, than almost all 
the experiments that have yet been made variable as they are. 
De Luc, Betancourt, Shuckburgh, and, more lately, Gay-Lus- 
sac, have set philosophers some tine examples in this interesting 
and useful part of experimental physics ; but still their experi- 
ments have not that extent which would enable the analyst to 
investigate the true laws that connect the tetnperature of ebulli- 
tion with compression ; and unhappily the little discordancies 
found in their results are nfore calculated to display the difficulty 
of the inquiry, than to render the experiments useful to tlie philo- 
sopher. 

To this same irregidarity of figure in the vaporous particles 
another remarkable property of vapours seems to be attributable. 
“ It is well known,” says Dr. Thomson, p. 74, of vol. i. of his 
System of Chemistry, Sixth Edition, “ that the condensation of 
yapours is greatly assisted by pressure ; but the effect of pres- 
sure diminishes as the temperature of vapours increases.” Now 
from the Views to which I have alluded, and which probably at 
some future jperiod I may unfold, it appears that if the vapours be 
condensed to a certain degree, the irregularity of the coipuscular 
figures, and iJieir adaptation, or a consider^le deviation from 
9 ]piericity, will very much contribute to unite the particles and 
produce condensation ; but the more violent the collisions, or 
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the higher the temperature, the more vigorously, of course, will 
these eftbrts to condense be resisted. 

Thus'the difference between condensible and permanent airs, 
as I have before hinted, may be entirely owing to the figures 
and, perhaps, the size of the component parts; and hence 
we have the greatest latitude for explaining the difierent phaeno- 
mena. - An extreme minuteness and a perfect sphericity, or a 
total inadaptation in the particles, would probably resist every 
efi'ort to produce condensation unless the temperature could be 
entirely destroyed. Hence the reason that common air, which 
is composed of oxygen and nitrogen, could not be condensed 
thomdr the compression has been carried so far as to make the 
air ireavier than water. The particles of oxygen and nitrogen 
mav not indeed be exceedingly small, nor their figures be in 
anywise spherical, but their inadaptation may be so great as to 
render condensation extremely difficult. 

Ammoniacal gas aided by pressure and a low temperature has 
been condensed to a iKpiid, liut by no methods yet devised have 
the other gases been separately condensed. Now these things 
may entirely be owing to a certain mutual adaptation of figure 
in tlie one instance, and a much less, or, perhaps, scarcely any 
at all, in the other cases. 

Though the particles of an ahriform body may have among 
one anmher little or iv> adaptation, and hence render the body 
incapable of being separately condensed, it may however, hap- 
pen that the particles of two such bodies ma^ have so great an 
adaptation as to render it diflicult to keep them together without 
condensimv An-tnstaace of this kind is found in sulphurous 
acid gas 'and sulphuretted hydrogen gas ; for when two in 
volume of the former are mixed with one m volume of the latter, 
the mixture slowly condenses into a solid. The same phainome- 
uon occurs in a mixture of ammoniacal and muriatic acid gases, 
except that the solidification in this case is almost instantaneous. 

Thcon/ of the Influence of external Pressure on the Temperatures 
of Lbullitiou in Ituids, and Jdtjuef action in Solids. 

I have already stated that I cannot fully enter into ray views 
of ebullition on account of their being so closely connected with 
a subject which would lead me to, iiidee(k, some very importent, 
but more extensive investigations than 1 have at present leisure 
to attend to. It is of course w ithout the pale of ray views now 
to explain in detail the cause of the effect which pressure has on 
the temperature of ebullition. Lest, however, the general theory 
I have given should appear defective by the ornission of one of 
the most difficult and interesting parts of it, I will just glance at 
the leading feature of ebullition, and reserve a detail of my views 
of the minutias to another ppportunity. I have shown that the 
iiTeguIarity of figure in the pai ticles of vapour is Ae cause of its 
condensation at all temperatures beneath that of its generation,; 
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and from the views which I have in reservation, it appears that 
the same irregularity of figure will be one cause of condensation 
when the compression is sufiicient to induce a certain degree of 
density. Hence, therefore, the density bein^ the same, the 
compression will be the greater the greater the temperature ; 
and, therefore, at a greater temperature a greater compression 
will be needful to produce condensation. But if a greater tem- 
perature in the vapour require a greater compression to convert 
lit into a fluid, so, conversely, a j^eater temperature in the fluid 
will require a greater compression to prevent its being converted 
into vapour ; and, consequently, the greater the compression, the 
o-reater will be the temperature requisite to produce ebullition. 

° This conclusion will he true for all fluids whose vaporisation is 
attended with a division in the particles ; and, therefore, for all 
fluids with which we arc at present ac(juainted ; but it seems 
ppssible to devise cases in wliich it would not, perhaps, hold 
•rood. However, as such cases have not yet occurred, and pro- 
bably never will occur, in nature, it would be useless to detail 
them. ^Ve mav hence consider it a general law that the tem- 
pdraliirc of cOuiiitloit of all j/nids is iiineascd with an inenase, 
and diminislwd with d dirninulion of compression ; and, conse- 
(pient/it, that at a// seasons the temperature of ehullition of ant/ 
jiuid wi’/l he the same, the external pressure being the same. 

" From the view 1 have taken of ebullitk)n, it follows, that the 
increments of the scpiares of the true temperatures of ebullition 
are proportional to the increments of the compressions ; and, 
therefore, the increments of tlie Fahrenheit temperatures of 
ebullition are also jiroportional to the incid.ients yf the com- 
pressions. Consequently this being the case with every fluid, 
it would follow that the same excess or defect of compression 
will in all fluids produce the same excess or defect in the Fah- 
renheit temperatures of ebullition; and, therefore, the Fahren- 
heit temperatures of ebullition Vif all fluids, when the fluids ar« 
removed from tlie ordinary pressure ol the atmospheie to a 
vacuum, will be lowered *1116 same number of degrees, vyhich 
agrees with the experiments of Prof. Robinson. These infer- 
ences, as I have already mentioned, are drawn from a genera! 
view of the principal cause of ebullition, and do not, therefore, 
include the minor circumstances ; and hence cannot be expected 
to agree mathematicallv with phamomena. From the views 
indeed to which I have alluded, I find that the Fahrenheit tem- 
perature of ebullition ought to increase and decrease more 
rapidly than the compression, a circumstance which is in unison 
witli theiexperimeiits of De Luc, Betancourt, and Shuckburgh. 

Philosophers have long observed that diflerent fluids boil at 
different temperatures. This phiEnomenon evidently depends on 
tbe different magnitudes of the particles and the different degrees 
sf the adaptation of their parts. Other things being alike, th* 
^mperature of ebullition will be the greater the greater the par^ 
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tides, and the greater the force which is requisite to decompose 
them or the greater the adaptation of their parts ; and vice versa:, 
the less these two circumstances, the less will be the temperature 
of ebullition. With this view our theory and experiment will 
enable us to determine many interesting things respecting the 
fitrure and size of the component particles of difierent fluids ; but 
of such speculations I may say something heieafter. 

Though the temperature of ebnllition in any fluid must neces- 
sarily be suliject to the influence ot external pressure, the same 
does not hold good with the temperature of the liquefaction of 
solids. In fluids we may conceive the temperature at which the 
oarticles would partially decompose much beneath that at which 
ordinary ebullition takes place. At all temperatures, therefore, 
liit>-her than that of corpuscular decomposition, the ebullition is 
restrained solely by the pressure. We may form an idea how 
pressure in this case prevents ebullition, by considering, that as 
(iecomposition produces a great diminution in the temperature, 
the elasticitv of the aeriform product would be very small ; and, 
therefore, if a conversion olapart of the fluid into vapour could take 
place, yet from the greatdiinmutioii ofilasticiiy, the external pres-' 
sure would instantly compress it to a density equal to, or CTeatei 
than, the condensible density to which 1 have bo lore alluded ; 
•inti tlierefore, condensation will immediately follow. Hence 
win’ll the temperature js abov that of corpuscular ( ecoraposi- 
tion, and beneath that of ebullition, the eflorts of the fluid to 
convert itself into vapour are instantly counteracted by the 
external pressure producing too great a contraction m the 
vaporous pmduct. Beautiful instances of the counteracted 
eflorts to vaporisation inuv be seen in the subsidmgs of the 
unbroken tmnelactious of water just before ebullition. Here by 
some rapid accessions of temperature, the lower parts of the 
water suddenly vaporise, tumify the surface, and then, being too 
weak to sustain- the superincuiiibsiit pressure, recondense before 
their levity can bring them to the surlace. As the temperatuie 
rises, the strength of these vaporis-atiops incre’ases, until it be sut- 
fleient to resist the atmospheric pressure; and then the phteno- 
menon terminates in ebullition by the boisterous escape of the 
vapour through the surface. On the contrary, as the tempera- 
ture diminishes, the energy of the vaporisations decreases,^ and 
the surface becomes less ruffled, until it g-radually settles into an 
apparent calm. Durjiig ail this time, however, and even for 
some time after the tumefactions have apparently subsided, thc 
same phenomena of vaporisations and condensaUons, there is 
every reason to beUeve, continue to take place, though.not lU a 
„mnL so taogible to the ee,»es. In fact, as the s«.no ^ 
exist, the same phaenomena of vaporisation and condensatimi 
must invariably ensue at every temperature above that of 
elmllition in vacuo, which indeed might be made evident m 
the tumefactions by only lessening the pressure, flo tWQ 
New Series, voi.. ii. 'i' 
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causes, therefore, the temperature of ebullition is owing, 
one corpuscular decomposition, which in the same fluid would 
of itself always produce an ebullition at the same tempera- 
ture ; and the other, the force of compression. The lique- 
faction of solids, however, is controlled by one cause only ; 
namely, corpuscular decomposition. Pressure, in this instance, 
can have little or no influence; for as pressure cannot increase 
or diminish the individual intensity of collision, which is exclu- 
sively due to the temperature, and can besides have no effec t on 
the facility of decomposition, wliieh is in this instance likewise 
exclusively due to the temperature and adaptation of tlui parts ; 
nor, moreover, on the stattj of the fluid product, whicli could 
never be cdianged by mt're sic^ady pressure whatever litth> 
infliHUice it may have on the volume, we cannot, theri fori*, infer, 
that any sensiljh^ difli'rence would be produced by external pres- 
sure alone, however great it may be, in the temperature of the 
MqufTaction of solids, d’his infercnee, wlrich agrees with the 
experiments of our ablest philosopliers, is another beautiful 
instance, of tlic accordance of jduenoniena with legitimate d(‘dnc- 
ticns from our general theory of th(‘ universe ; and, I believe, our 
attempts to draw' it an* the tirst. lliat have been made to unravel 
the ('aiises of a |)ha'noineiion, vvhic'h beca unes th(‘ mori' singular 
and diflicult when contrasted with its vacillating collateral — 

ebullition « 

{To be continued.) 


AltTU J.E IV. 

lUsUnnul SAiltJi of Klftlro-nKifiiicl ism. (With a I’latc.) 

(Continued Y/ om p. ^00.) 

Tiir: results obtained by M. OersU'd were iunmahatelv repeated 
and confirmed by a great nutiibcr of philosoj)bers in various 
places. ()f‘ these no om? was more active than iVl. Arnjicre in 
varying experiiiK'Hls, making new ones, and applying llutory to 
them. That philose.piier read a papt i to the Academy of 
Sciences at Paris on S(’pt. PS, in which he proposed a theory 
that reduced all the inagnetic i^lienomena to tdlects )Hirely ( lec- 
trical, and in many subsccpient waitings advanced furllier argu- 
ments, both experinumial and theoretical, in support of it. 1 am 
([Jesiroiis,.however, at present, rather to mention the y*m7.v as they 
were discovered than the t heories attached to tltein : in l lie first 
place, because they are of’ the nuist imi>orl.ane(' ; and in the 
second, because there is no danger of attriliuting the theories to 
any but those from whom tin y originate. 

The facts discovered by JVl. Ampere, thougb uot numerous^ 
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are of great importance. At a meeting of the Rx^al Academy 
on Sept. 18, he described an experiment proving that the voltaic 
pile itself acted in the same manner as the wire, connecting its 
two poles ; and produced an instrument which, at the same time 
that it proved this action, was shown to be of great use in expe- 
riments, on currents of electricity. This was merely a magnetic 
needle, but from the uses to which it was applied was called a 
galvanometer. When placed near a pile, or trough, in action, 
having its poles connected either by a wire, or by introducing^ 
them into one cell, it immediately moved, becoming obedient to 
the battery in the same manner as to the connecting wire ; and 
the motions were such as if the battery were simply a continua- 
tion or part of the wire. In consequence of this action, the 
needle becomes an instrument competent to indicate that state 
of an active voltaic pile, and the wire connecting it, which is sup- 
posed to be occasioned by currents of electricity, and in which 
only, magnetism has yet been discovered. 

On Sept. 25, M. Ampere announced the new fact of the 
attraction and repulsion of two wires connecting the poles of a 
battery; and showed, that the magnetic needle which had pre- 
viously been used to prove the magnetic attractions and repul- 
sions of tiie wire, could tie replaced''by another connecting wire 
like the first. This discovery seemed 'to liberate tlic phenomena 
of magnetism from finy jieculiar power resident in trie magnet, 
and to prove its production by electricity alone. When by 
Oersted’s discovery it had lieen 'siiowii tha't a wire connecting 
the poles ol a voltaic battery would act on a magnet, attracting 
and rcpehtiig it,'*just as niiotiier magnet would do, it was fair to 
assume that the wire possessed tlie powers ot tlie magnet it sup- 
plied ; and when the second magnet was replaced by another 
connecting wire, as in Ampere’s experiment, and the powers and 
actions still remained asbeldre, it was perfectly correct to consider 
these pow'ers and actions as m’agnetical ; so that it became evi- 
dent that magnetism could be exerted independent of magnets, 
as they arc usually called, and of any of the means of excitation 
usually employed, but wholly by electricity, and in any good 
electrically conducting medium. 

The jiliciiomena with two conductors situated between the 
poles of the bat tery are as follows : When they are parallel to 
each other, and tlie same ends of them are similarly related to 
the battery ; i.e. when the supposed currents existing in them 
are in the same direction, then they attract each other; but if the 
opposite ends be connected with the battery, so that the currents 
conceived to exist in them are in opposite directions, they repel 
each other. If, also, the one being fixed, the other be moveable, 
and the currents be sent, or the connections be made in opposite 
directions, then the moveable one will turn round until they are 
in the same direction. The contrast between these attractions 
and repulsions, and those usually called electrical, are very 
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striking. These take place only when the circuit is completed: 
those only when it is incomplete. The attractions take place 
between the similar ends of the wires, and tlie l epulsioiis bet\v(^cn 
the dissimilar ends; but the electrical attriu lions tiike place 
between dissimilar ends, and the repulsions between similar ends. 
These take place in vacuo, but those do not. W hen the magnetic 
attraction brings the two wires together, they n.main in contact; 
but when elecUical attraction brings two bodi(‘s together, tliey 
separate after the contact. 

* These experiments are varied in several v\ays by INI. Ampere ; 
and the apparatus with wdiich they were made appears from the 
plates and description j)ublished to be very delicate, ingenious, 
and efl'ectual. I'he general results drawn up by AL Ampere 
himself from them are: 1. That two electrical currents attract 
when they move parallel to each other, and in the same direction ; 
and repel when they move parallel to each other in contrary 
direction; 2. That when the metallic wires traversed by these 
currents can only turn in parallel planes, each of the currents 
tends to direct the other into a situation in whieJi it shall bv! 
parftllel, and in the same direction ; d. I'hat these attractions and 
repulsions are entirely diflereiit from the ordinary electrical 
attractions and repulsions. 

On Sept. 25, AI. Arago stated to tlie lloyal Academy of 
Sciences that he had ascertained the attraction ol iion tilings l)y 
the connecting wire of the battery exactly as by [\ magnet. I'his 
fact proved not only that the wire had the power ol acting on 
those bodies already magnetized, but that it was itsell’ capable ol’ 
developing magnetism in iron that Inid not pref'iouslyfbeen mag- 
netized. When the wire in connexion with the poles of the, 
battery w^as dipped into a heap of tiliiigs, it became covered 
with it, increasing its diameter to the size of a goose cjuill; the 
instant the communication was broken at either pole, the filings 
dropped off; and the instant if^was re-established, ihev were 
re-attracted. This attraction took place witli wires ol‘ brass, 
silver, platina, ^c. and was so strong as to act on the filings 
when the wire was brouglit near them without actual contact. 
It w^as shown not to belong to any [lermanent magnetism in the 
wire or filings by the inactivity ol' both wliea the eoimexion was 
not made with the batteVy; and it was proved not to be electrical 
attraction by the connecting ware having no power o\’er tilings 
of copper, or brass, or over saw-dust. When soft iron w as used, 
the magnetism given w as only momentary ; but on repeating the 
experiment with some modification, M. Arago succeeded com- 
pletely in*magnetising a sewing needle pennaneiitly. 

The theory which M. Ampere had formed to accf)unt for the 
magnetic phenomena of magnets by electrical powers only, 
assumed that magnets were only masses of matter, around tiie 
axes of wiiich electrical currents were moving in closed curves. 
This theory led him, wdien informed by M. Arago of liis expeii- 
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inents, l:o expect a imich greater elTect if the connecting wire were 
put into the form ol’ a spiral, and the piece to be magnetised 
were placed in its axis. According to the theory, in a needle or 
magnet, pointing to the north, the currents were in the upper 
part from east to west. In consequence of these expectations, 
MM. Ampere and Arago made experiments with spirals or 
helices, and the results are mentioned in M. Arago’s paper, on 
the Communication of Magnetism to Iron Filings, published in 
the Annales de (ihimie, xv. !*:i ; so that probably the cxperi-, 
merits date from S< pt. 2o, though there is no date to the paper. 

On twisting a wire round a rod, it may be made to pass either 
in one direction or the other, giving rise to two distinct but 
symmetrical helices, whicli have been named by botanists (It.v- 
I'ronuvi and shiiatrormm. 'fliough their diameters be equal, and 
(he spirals which compose them have equal inclinations, yet they 
can never be superposed ; for however they are turned about, 
their direction is the same. The dextrorsum, or, as we may call 
it, the right helix, proceeds from the right hand downwards 
towards the left above the axis; the tendrils of many plants 
( xliibit instances of it, and it is almost exclusively used in the 
arts: the sinistrorsnm, or left helix, proceeds from the left hand 
downwards towards tlie right above the axis. 

Having made some of these helices, one was connected by 
its extremities witii flic poles ot a voltaic battery, and then a 
needle wrapped in piaptr placed w ithin it ; after remaining there 
a few minutes, it Was taken nut, and found to be strongly 
magnet ized ; and the ell'ect of a helix above that of a straight 
coiinectlnj!: wire*vas (bund to be very great. 

Then with regartl to the position of the poles in the magnetised 
needle, it was found that w henever a right helix was used, that 
end of the needle tow ards the negative end of the battery pointed 
to the nortli, and that towards the positive end toward the south ; 
but that with a left helix, that end of the needle towards the 
positive, pointed north ; and the other end, south. 

In order to establish this point*, (he connecting wire was 
sometimes formed into one helix, sometimes into two or three, 
w Inch was readily done by twisting it round a glass tube, or rod, 
lirst in one direction, then in another and when needles pre- 
viously inclosed in glass tubes wer% then placed in these helices, 
the magnetic poles they received were always in accordance 
with the statement just given. In one case, also, where the 
connecting wire had been formed into tliree consecutive helices, 
the middle one being of course ditferent to the other two, a single 
jiiece of steel wire sufficiently long to pass through all_ three of 
them being inclosed in a glass tube was placed within them. 
On being again removed, and examined, it was found to have 
six poles : first, a north pole, a little further on a south pole, then 
anot her south pole, a north pole, another north pole, and at the 
further ehd a south pole. 
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The direction and constancy of the poles given to the needle 
by the helices will be directly seen to be a natural consequence 
of the invai'iable position of the needle to the connecting wire, 
pointed out in Oersted’s experiments ; for if a small portion of 
either of the helices, together with the needle magnetised by it, 
be compared with fig. 1, 2, or 3 (PL IX), they will be found to 
be represented by them. Thus in fig. 8, or 9, which represents 
the helices and the needles in them, every part of the helices 
will be seen to cross the needles as in 1, 2, or 3 ; or if two of the 
glass diagrams, fig. 3, be put together with the lines represent- 
ing the needles together, so as to imply but one, then the lines 
representing the connecting wires will also represent one round 
oi either helix. 

In the same paper, M. Arago also states, that when the con- 
necting wire was perfectly straight, a needle placed beneath and 
parallel to it was not at all magnetised. He also states, that it 
sometimes happened, though not frecjueutly, tiiat the copper 
wire connecting the poles of the battery retained its magnetism 
for a few instants after the connexion liad been broken ; and also 
thaf M. Hoisgeraud had observed the sauu* fact with a phUiua 
wire. These wires, it is said, would sometimes take up iron 
filings, or even a needle, when seiJarated from the battery, Imt 
the power soon disappeared, and could not be reproduced at 
will. ’ ‘ 

On Oct. 9, M. Boisgeraud read a paper to the lloyal Academy 
of Sciences, containing the detail of numerous experiments, 
most of which, however, are variations of Oersted\s first ex[)eri- 
inents. He remarked that connecting wires, or arcs, placed any 
where inthe battery would aiiect the needle — aresult that follows 
as a consequence from Oersted and Amper(‘’s ex])eriments. He 
notices the diflereiice of intensity in the efiects produced when 
bad electrical conductors were employed to comj)lete the circuit 
— a difrereuce winch (Jersted hiiiiself had pointed out in the case 
of w^ater. M. Boisgeraud, however, proposes to ascerlain tlic 
conducting power ofdilFererft substances by j)laciug tluiiii in one 
of the arcs, cells, or divisions, of the battery, and liringing the 
magnetic needle, or Ampere’s galvanonu^ter, towards another 
arc, i. e. to the wire, or^other connecting body, used t o com|>lete 
the circuit in the battery. \\^th regard to the jiositions M. Bois- 
geraud notices of the needle and wire, they are all confirmatory 
of Oersted’s statements, and may be represented by the figures 
before mentioned. 

On Oct. 9, M. Ampere read another memoir on the phenomena 
of the voI(5iic pile, and on the method he intended to pursue in 
calculating the action of two electrical currents. At this sitting, 
also, he showed the mutual action of two rectilineal electrical 
currents; i. e. of two straight portions of the connecting wires ; 
foritappears that the phenomena of attraction, repulsion, were 

first observed with spiral wires. These actions, however, are 
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exactly similar; and the view already ji'iveii of them, as it relates 
to strai^fht wires, is consonueiitly more simple than the desciip- 
tion of the efiects with spiral wires can bo ; i. e. considering it 
as a matter of experiment only, and not of theory. 

In consequence ofthe view which M. Ampere had taken of the 
nature of magnetism as dependant simply upon currents of elec- 
tricity, it became an important object with him to ascertain the 
action of the earth upon such currents excited by the voltaic 
battery ; for from his tlnairy (presently to be statiKl), he expected 
that it w'ould be equally etficient in directing these currents as 
in directing those supposed to exist in the magnetic needle. 
Alter some trials, he succeeded in overcoming the obstacles to 
deli<;ate suspension, contact, Ifcc. and constructed an apparatus 
ill which a part of the wire connecting the two poles of a bat- 
tery was rendi^red so light and mobile as to move immediately ; 
the connection was com|)letcd with the pole, and took a direction 
wliich, with regard to the earth, was always constant, and m 
ac.(-on lance witli M. Ampere’s theory. An account ot these 
experiments, with the api.aratus used in them, was read to Uie 
Koval Acudeinv on Oct. 30. The iirst consisted of a wire bent 
so as to form almost a conqilete circle of about lb inches in 
(liavnctcr; the two extreniities were made to approach, and were 
uluced one just beneath the other; and being attached to two 
steel points'. Were coirueifled liy them with two little basins ot 
platina containing niercui v, lixed so as to receive them ; only one 
iifthe points touched the bolt.otn of the cup it was placed in ; 
so that the friction was scarcely any, and the mercury secur^ 
a good comhet. The cups were coiinecteil with other wires that 
nassed olf to tile voltaic battery; so that it was easy to make 
this moveable circle coiiuect either one w'ay or the other between 
the poles ; and being inclosed in a glass case, any movement it 
mi-ht receive was' readily observable without danger of its 
resailting from any other cause than the electric action. 

When the extremities of this apparatus were connected vvith 
the poles of a battery, the circle immediately moved, and after 
some oscillations placed itself in a plane perpendicular to 
immnetic meridian of the earth; and on everv repetition ofthe 
cxiierimcnt. the same effect took place. Jhe direction m which 
it moved depended upon the way i 4 which the connexion had 
lieeii made with the battery ; and if it be assumed that there is 
a current passing through the wire froin the positive to the nega- 
Uvo. end, the curve so arranged itself that that current always 


passed dowiuvams uu um 

west, 'fhis circle moved round a perpendicular, and, iflitrefore, 
onlv represented the direction of tlie magnetic : in order 

to reprisentthe dip, a wire was formed into a parallelogmm, and 
heini fixed to a glass axis was suspended by hue points, arid 
< ounected as before so as to move round an horizontal axis tten 
tins axis being placed perpendicular to the magnetic meridian, 
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and the wires being connected with the poles of a battery, the 
parallelogram immediately moved towards a position in tJie plane 
perpendicular to the dipping needle; when the communication 
was broken, it returned towards its first position; and when 
renewed, it resumed the second, evidently indicating the mag- 
netic influence of the earth over it. In consequence of the difli- 
culty of placing the centre of gravity in the centre of suspension, 
and keeping it there, tliis conductor did not take its position 
exactly in a plane perpendicular to the dipping needle, but 
approached towards it till in equilibrium between the magnetic 
and the gravitating power of the earth. 

On Oct, 30, MM. Biot and Savart read a memoir to the Aca- 
demy of Sciences, the object of which was to determine the law 
by w hich a connecting wire acted on magnetised bodies. Small 
rectangular plates, or cylindrical wires, of tempered steel were 
made magnetical by the double touch, and being then suspended 
by silk w orm tlireads w ere placed in difierent. positions w ith, and 
at different distances from, the w ire connecting the poles of the 
battery. The terrestrial maixnetism was sometimes combined 
w'ltli that of the wire, sometimes opposial to it, and sometimes 
neutralised by the vicinity of anotlier maenet. The ditlerent 
positions of equilibrium, and the number of oscillations of tlie 
needles, were then observed, and data gained, liy which MM. 
Biot and Savart w^ere conducted to tbe Voihwving result, v\]nch 
expresses the action exerted by a molecule of austral or bonral 
magnetism, placed at any distance from a very fine and indefinite 
cylindrical ware, rendered magnetic by the voltaic current, l.et 
a line pass from this molecule periiendicnlarly to tlif; axis of tlie 
wire, the force w hich diavvs the molecule is pi r|)endicular to 
this line and to the axis of the wire; its inti nsity is reciprocal 
to the distance, llie nature of the action is the same as tliat of 
a magnetised needle placed on the surface of the wire in a direc- 
tion determinate and (‘onstant in its relation to the direction of 
the voltaic current; so that a molecule of boreal magnetism and 
u molecule of austral magnetism wmuid be drawn in difibrent 
directions, though constantly according to the preceding expres- 
sion. 

Having succeeded, in magnetizing iron and steel by the wire 
discharging the voltaic ajiparatus, M. Arago was led to expect 
the same etibets from common electricity ; and on trial found the 
results to be the same. He announced this fact verbally to the 
Royal Academy on Nov. G, stating that lie had produced all the 
phenomena in this way that he had observed in using voltaic 
electricity. No account of these experiments has, 1 believe, 
been published, but it is easy to conceive the general way in 
which they would be formed. They are very important, as iden- 
tifying voltaic and common electricity, though few% I believe, 
still retain doubts on this point, and, also, as proving the 
magnetic phenomena not to depend upon this or tliat mode of 
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exciting the electricity, but constantly to accompany it when 
moving. 

In consequence of M. Arnpere^s theory, which attributed the 
powers of magnets to electrical currents, and also of the views 
taken of the manner in which it was supposed that currents of 
electricity in the connecting wire induced currents in steel bars 
placed near them, as in M. Arago’s experiments ; it was earnestly 
hoped and expected that such an arrangement might be made 
ol‘ magnets, wires, 8cc. as to produce the decomposition of water, 
or some other electrical ejects; for as electricity [iroduced mag- 
netism, it was considered that magnetism might produce elec- 
tricity. Many arrangements were made of magnets together, 
and of wire about and round magnets; and at first it was stated 
that eleclrical effects, sucli as the decomposition of water, 
attractions, ik.c. had been jnoduced; but on Nov. 6, M. Fresnel, 
wlio had been very earnest in his endeavours to obtain these 
effects, allowed to the Iloyal Academy that the ap])earances were 
not such as to authorize the conclusion, that any certain effect 
liad been obtained. 

On the same sitting, also (N'^ov. f>), iM. Ampere noticed an 
elfect ji rod need bv tlie connecting wire bent into a helix. T iiis 
may l)e easily imdeiNtood IVom considering tliat the direction of 
the magnetu', power is always perpendicular to the conducting 
wire. \V lum, tlier*: the- conducting wire is parallel to the 

axis oi tlu‘ helix, the power is [lerpendu nlar to that axis; when 
tlu.‘ wirt* lijnus a circle rtnind tiu* axis, in a plane perpendicular to 
it, the povs'cr is in t he direction of the axis ; but w hen, as in the 
helix, it ^)asser»' round the axis in a direction intermediate 
between jiaraileiism and pcapendiculiirity, the dirt‘ction of the 
jiower is of course inclined accordingly. In this case the power 
may be considered as composed of two portions, one j)er[)endi- 
('ular to the axis, the otiier parallel to it. As M. Ampere con- 
sidered magnets tv) be assemhluges of currents perpendicular to 
their axes, lie wished, in his imitation of them, to do away with 
that effect due to tlic extensimi of tite wire in the direct ion of the 
axis of the helix, and succeeded iu tliis by making the wire at 
one end letiira through the helix so as not to touch it in any part; 
for iu this position, its magma ic elfects being contrary to those 
belonging to the length of liie helix, and also near to them, they 
neutralized or hid each other. An imitation of a magnet was 
now made by forming a helix, and making the wires at the 
two extremities return through the centre of the helix halfway, 
and then pass out upw'ards and downwards, so as to form a per- 
]>eiidicular axis on w Inch the whole might move. The extremity 
of a battery being connected with these two ends'of the wire, 
the helix became magiietical, and was attracted and repelled by 
a magnet precisely as a real magnet would have been. 

MM . Buch, of Frankfort, in repeating Oersted’s experiments, 
Oct. 22, added nothing new to them; but the apparatus they 
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empl()yecl was so simple and efficacious that they will make the 
experiments come within the observation ol' those who may 
otnei'Mse think them too didicuit to be easily perlbrmed. One 
was simply a platina crucible with a bent plate of zinc connected 
Avith the bottom, and tlien passing off from the side, and turned 
round till it dipped into the crucible, fig. 10. When diluted acid 
was put into the crucible, the apparatus acted powerfully on the 
magnetic neiidle. Another apparatus was formed from a small 
gilt spoon having a bent slip of zinc attached to the handle, and 
■dipping into the bowl of the spoon. It acted very powerfully. 
A third was a needle formed of a piece of zinc and a piece ol’ 
.silver in the manner of a simple voltaic circle. This, fixed iu 
cork, and placed in diluted acid, became obedient to the magnet 
when brought near it. 

On Nov. 13, M. Lehot stated to the Academy of Sciences that, 
notwithstanding the results obtained by M. Fresnel, he was still 
convinced ol the decomposing power given to iron wires by 
magnets, and quotes exjieriinents he had made six years before 
by connecting iron wires to the poles of a magiml, and then 
immersing their ends in water. The sontli pole causeil oxidation, 
Ihe iiortli |)ole preserved its wire bright; again in tincture of 
litmus; the sou fh pole reddeiual the tincture; the north jioh: 
did not. Ihere does not seem any reason to consider these ev- 
peiimeuls as decisive ; and M. Lehot hnus<:l>t does not attach inori" 
importance to them than to those made 20 years ago bv Ritter, 
and on tile uncertainty of wliich i\l. l-’resnel had suflicieiitly 
remarked. 

()n Nov. l;:. also, M. Anijiere read a note o«,. the (n’ectroclie- 
imcal eliects of a spiral wire subjected to the action of tire earth 
.iione. ^ lilt! wire formed a helix round a pa[)er cylnnier, the 
axis of which was placed parallel to the dip and dinction of the 
needle, the extremities were placed in a solution of common salt. 
In seven days gas appeared on. both ends, but most on that 
answering to the negative end of the battery ; the bubbles were 
<lisj)lace(i, but fr(!.sh oikrs <i])pear(’‘d ; tiu; end rejiiainiiig brigJit, 
while the otJier end became oxitli/.ed, and gave no niore gas! 
On the whole, however, tlie experiment seemed uncertain, espe- 
anally after what i\I. Fresnel had said ; and M. Ampere himself 
said, that he still doubted, as to the e.xistence of the action. 

IT a letter was read at the Royal SSociety from Sir 

II. Davy to Dr. Wollaston on the magnetic phenomena produced 
tiy electricity. The experiments detailed in it were most of them 
made in the month of Octolicr, and are of very high interest. 
The peculiar maimer in which that philovsoplier comjiresses 
mipoitant and numerous facts into few words will seldom permit 
a condensed account being given of his papers. In the present 
case, however, there is no occasion to attempt such an account, 
since the jiaper itself has appeared in a late number of your 
A.ftTio.hj and IS to be found at p. 81 of this voluine, where th® 
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deduction of fact from fact may be beautifully traced in it. 
Tlie following is little more than an enumeration of the facts 
contained la it. 

Viz. that ttie wire in connexion aflected the needle as M. 
Oersted described ; the effect was immediately attributell to the 
wire itself becoming a magnet; and this was instantly proved by 
bringing it near iron tilings, which were attracted, and remained 
attached to it as long as the communication continued. This is 
in fact the same experiment as that made by M. Arago (see page 
276) but it was made by tlie two philosophers independent of each 
other; and as no detail of M, Arago’s experiment has as yet 
been published, the accurate description of Sir II. Davy's will 
be found highly interesting. This effect took place in any part 
of tlie wire, and any where in the battery. Steel needles placed 
on the connecting wire became magnetic ; those parallel to the 
wire acted like the wire itselt‘, those across it liad each two j>o!es; 
such as were placed under the wire, the positive end of* tlie bat- 
tery, being east, had nortii poles on the south of the wire, and 
south poles to the norili ; those needles above were in the oppo- 
site direction; and this was const autly the casij, whatever the 
inclination of the needle to the wioe This |)Osition, it will be 
observed, is pi'ceisely that which has iiomi ri^ferred to in tlie 
aee()nnlol‘i\l. Oersted’s experinients. On breaking t he (‘oniiexion, 
the steel needles across rtilained their nuignelisni, while those 
parallel to the win* lost it at the morneiit. 

Wires of platina, silver, tvc. in the same situation, were not 
rendenul magiu'tle, t:\(*(. j)t \vh(*n, by accident, they iVained part 
oniic circuit Wlvati va r tin* |)osition <d’t[ie batteiy, or wire, the 
eliect was tint same. Contact was found not necessary: instan- 
taneous effect was prodinaad by mere juxtaposition, though thick 
glass intervened ; fflings arranged tliemselves in right lines across 
the wire on a glass plate held over it at a quarter of an inch 
distance. The effect was j)ropovtional to the quantity of elec- 
tricity passing tlirough a givmi sjiace, vvitliout any relation to 
the metal transmitting it. increasing the size oi'tlie plates pro- 
portionally iiHTeased the magnetic effbets of the connecting 
wires. Tlie wire connecting a battery of (iO [lairs of plates did 
not take iqi halt* so much fflings as when tlie battery was arranged 
80 as to form 30 pairs of plates twice tho size. The magnetic 
pow ers of the wire rose witli its heat. 

Considering that a great quantity of electricity was necessary 
to produce sensible magnetism, Sir H. Davy concluded tliat a 
current from tlie common machine would have no effect, while a 
discharge would ; and this was found to be true ; the poles of 
the needle magnetized being situated exactly as before. In these 
experiments a battery of 17 square feet, highly charged^ being dis- 
charged through a silver wire, l-20th of an inch in diameter, 
rendered bars of steel two inches long, and from 1-lOtli to l-2()th 
thick, so magnetic, as to lift up fffeces of steel wire and needles, 
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Mid the eflect conimunicated to needles at a distance of five 
inches from the wire, even vvhen water, or thick plates of dass 
or metal intervene. * ^ 

By these kinds of experiments it was found that a tube of 
sulphufrc acid, oiie~foiirtii of an iiiedi in diaiiioter, did not conduct 
electricity enough to render steel magnetic ; that an explosion 
through air made the needle placed Iransversely to it magnetic, 
though not so strongly as a wire would liave done ; that steel 
bars in the circuit, or parallel to it, did not become magnets j 
that two bars jdaced together across tlie wire, passing through 
the common centre of gravity, showed no magnetism after the 
discharge before tliey were separated, but exliibiled opposite poles 
on separation. 

One conclusion draun by the author from these experiments 
is, that magTu tisLii is produced whenever concentrated electricity 
is passed through space. 

On arranging numerous wires in circles, and other directions 
around and about the discharging ware, it was ibiind after the 
discharge, that all were magnetic, and the poles exactly as betore 
expressed ; so that the noj th pcvle of one needle was towards the 
south pole of the next, and in a constant relation to the course of 
the discharge, fig. 11. 

1 he connecting w ire being di\i(ied in one part into three, four, 
or nioic, by small w ik's, and tlie a oUau' battery (liseliarged 
througli them, lliey were all ibund to be magnetic at oiuag and 
took up -separate cylimlers of itiings; wlien tiie oipposiie side ol' 
two ot these were brought t(>-etiier,. tlie biiims attracted each 
other, id'oin lliis, it w as ev{a'cted iliat u thoisimilar sides 
were brought t- gr-ther, the lilmgs on tliem would repel eacli 
other. Tins wa^s tried by two !ailteries arranged jiarallel, Imt in 
opposite dll eci loiis. i lie tilings on tliese (‘oinieelmg wiies 
repelled each othei ; and Cvuniectnig wares of jdatmum and fine 
steel wire without hln.gs exlnlut sinnlar phcnouK iia (ddiMractioii 
and repulsion. Tiiese experiments, it will be ])erc:eivcd, are 
similar to those made by x\i. /unpeie on the attiaciion and reiml- 
Mon ot two connecting wires, m-, as he calls them, twm electncai 
currents, and pro\ e the same thing. On placing straight pieces 
of {liatinum, silver, and co|g>er wire, cm two knite (ah’ris of plali- 
Tium eoimecled whli iilie opp.;siU‘ poles of a battery? tliev wane 
iomid to be altracted and repelled in directions according to what 
has belure been said. Gold leal’ made in the same way to lorni 
the connexion w as found to be moved l)y a magnet. 

A simple mode ol'makiii^mnaoiieU is puiiited”out in tlik paper- 
Bamely, by fixing- bars ot steel across, or circular pieces of steel 
titled tor tiovse-shoe mao-nets, round the eleclrie-dl conductors of 
buildings in elev-ated and exposed situations. 

M. le Chev. Yelin appi ars to have discoi ered by accident that 
by placiiio- a steel needle in a glass tube suriounded by ti spiral 
ui wire, along which either simple dectricaUparks or Uischakt-s 
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Ironi a battery, were passed, tlie needle became ma^-netic 
Tins result was published in the “ Allgemeirie Zeitun”/’ of 
Deo. 2, 1820. Consequently, long after the previous experi- 
ments of the same kind, though without a knowledge of tliem. 
jVI. Bockiuaii, in repeating and varying these experituents, 
increased tlie sine of the helix much beyond what it had lonneii v 
been made. When helices, varying from half an inch up to lii 
niches iu diameter, were used, the power of receiving; iiia^jietism 
in the steel needle placed in the axis of the larger did not sceni 
at all diminished. With a helix 34 inches in diameter, tlic 
magnetism communicated was much less, and with one 84 imJics 
it was hardly to be perceived, 'file surface used in these expe- 
riments was 3(10 square inches. It was found, on piir.siiini>- these 
experiments, that tlie needle without the helix was magnetised 
as well as that within ; that after being fully inagnetiMab a con- 
tinuation of discharges weakened its power; tlnit live jars eacii 
of 300 square inches, did not produce with rejieated dischar'-vs 
much more eli'cct than one of them ; that a certain thickness of 
steel in tlie needle, or bar, was required to jiroduce the greatest 
efiect ; and that on placing a steel needle within a tubtTof tin- • 
lu d iron ; that in a glass tube, and a spiral round it, a discJiarge 
caused no inagm tism in the needle, but made the tube magnetic - 
wherea.s, if the metal tube were lead, then tlie needle became 
nuignelic. • « 

dJ. \'(iii I'mch, of Ctrechl, while engugetl (.Tan. 1821) in 
le.peauug the e.xperniieuts ot (.lersled and others, obtained results 
accord; iig witli them, except in one instance, of ditierence with 
Oersted. dl,;Oersie<l says, that “ if the uniting wire be placed 
j)t:U pcndu-uiai ly to the j*Jane ot (he magnetic meridian, wiielUer 
above or below it, the needle remains at rest, uule.ss it be very 
near the pole: in that case, the pule is elevated when the 
entrance is from the west side of the wire, and depressed when 
from ihe esistd’ M. Von lluch points out that this state of reiit 
does not continue in two of tlie four positions of the wire. When 
the connecting wire is beiieath the ccntve of tlie needle, ami the 
positive cniient is from cast (o west, (he needle remain.s 
unmoved. Wlien the current is from west to east, it performs 
iialt a r(;Volution. On the contrarv, the connecting wire beiti"' 
aliove tlie current from east to west, makes Ihe neealle turn hail" 
way round ; while that from west to east leaves the needle 
unmoved. M. Von Buch conceives the difference of his results 
and M. Oersted’s to depend upon the siqierior power of his 
ajiparatus; and indeed it is sutiiciently evident that the incom- 
pleteness of M. Oersted’s results depended upon the weakness of 
his pile. The attractions and repubuons, or the elevations and 
depressions, he speaks of when the wire was brought near the 
poles proves the existence of that action which in M/Von Buch’s 
experiments was strong enough to turn the needle round; and 
if the jvosilioii of the wire and needle in these e.xperiments be. 
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compared with the positions deduced from M. Oersted's experi- 
iiients, fig. 1, 2, ana 3, it will be found that in two of the cases, 
those pointed ont by M* Von Ruch, it was necessary a half i-jvo- 
lution of tha needle should take place to bring it into a state of 
equiJibiiuni with the wire in those positions. 

M. V on Buch, also, appears to have ascertained the effect of 
common eloctricitv in producing magnetism without a previous 
knowledge of what had been done by others in that way, and 
succeeded in producing the effect by a smaller power than had 
before been used for that purpose. He found that a strong 
discharge was not necessaiy, nor even a Leyden phial ; but, fixing 
a helix between the prime conductor of a machine and another 
insulated conductor, placing a steel needle in it, and then draw- 
ing sparks from tlie latter conductor, the needle became magnetic. 
One single turn of a machine, with two discs 18 inches in dia- 
meter, was sufficient to make tlie needle evidently magnetic. 

In Italy, many experiments relating to magnetism by electri- 
city liave been made, and which, thongli new at the time to 
those who made them, liad been previously made by others. A 
"series w as made between Jan. b and 18, by M M.Gazzeri, Ridolfi, 
and Antinori, at Florence. The results, which appear to me to 
be most interesting, are as follows : Net'dles placed in helices 
connected with the poles of the battery receiv^ed tluur full magru^ti- 
zation in one minute. Needles on the outside of the helices 
would receive no magnetisnl, unless there was one or more also 
within, and then they became magnets with their poles in oppo- 
site directions to the jxdes of the inner magnet. The helix was 
changed into a square form, by having its vtire vvHrp])cd rourid a 
paralfelopiped ; the magnetising efiect remained the same. A 
needle and a long ware of jdatina were wrapped in a slieet ol'tin 
foil, and that part which contained the needle introduced into a 
spiral of copper wire ; the circuit was then made by tlie [jlatina 
wire without the cojjper spiral ; being in connexion with either 
pole, the needle became magnetised. A 8[)iral of copper wire 
with a needle in it was pfixeed on the surface; of a basin of mercury, 
and the ineicury then made nart of the circuit: the n(;edle 
became feebly magnetic. Sparks from a common machine take n 
through a helix coiitaining a steud needle made tlie needle mag- 
netic. These jdiilusophers ap{)ear to have found that the con- 
necting wire |)laced in other jiarts of tlie battery than from end 
to end would not magnetize needles. There is, probably, some 
mistake in this. 

M. la Borne, in repeating Arago’s experiments, Jan. 8, varied 
the use of the helix by making it of iron, and putting it round 
the straight wire, through which an electrical discharge was 
made, the helix in this case became the needle to be magne- 
tised, and it w as found to be a strong magnet, the poles being in 
the positions so often referred to. Such a magnet is flexible and 
elastic, and may be doubled, lengthened, or shortened: on 
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bringing the two poles together, its action on a niagnetiG needle 
was much diminished. 

In a letter (without date) from M. Berzelius to M. BerthoUet 
published m the Ammles de Chimie, for Feb. p. 113, an expe^ 
riment is described which consisted in placing a thii/leafof tin 
eight inches long and two inches wide, parallel to,, and in the 

plane of, the meridian, and in that position connecting it with 
the elements of a voltaic circle. A magnetic needh? broucdit 
near the lower edge of'this plate was thrown 20^ from the mag- 
netic meridian. On moving it slowly upwards, it took its natural 
position, when level with tlie middle of the plate, except that it 
was raised at one end, and depressed at the other ; and when* 
near the upper edge, it moved 20^ from the magnetic mendiai> 
m the opposite direction to what it did below. When the needle 
was moved up and down on the opposite side of the plate, the 
same deviation and ehects took place, but in opposite directions. 
A sma I portion of the upper edge of tlie leaf was cut, and turned 
upwards, forming a jirojection above the edge. The needle 
lirought within ecpial distance of this prcjjection, and the edox\ 
was more affected by tin? former than the latter. ” 

Iheii using a square plate of tin, and foririing the connexion at 
opposite angles, it was found on examination that the intervening 
angles acted more powerfully on the needle than any otlier parts 
—a circumstance wliich-proves, M. l^Tzelius says, that the mao- 
u{‘tic polarity ol tlie current goes to opposite extremities, as hup- 
pens with electric polarity, and in artificial magnets. 

Jhe tin band or leaf placed in a horizontal |)Iane, and in the 
m%ietic UK ridian, acted on the needle just as a wire would have 
done. Ihe greatcist deviation of the luaalle was immediately’ 
undei Ol above the middle of the leaf, aiui the edges acted as iii 
the former position. The positions assumed liy the needles in 
these experiments is exactly what would be ‘exi>ecte(l. The 
experiments receive all their ‘inK'rest from the way in whicJi their 
maker apjilies them to support his particular opinion, and apart 
from tha.t have m>t much new in them. M. Berzelius thinks 
that a round wire, when made the conductor, presents a more 
com|dicated case tiiaii wlien a sejuare one, or a parallelopiped, is 
used, i shall endeavour to return, Iiowever, to tlie theory 
iKlvanced by this philosoplier jircseiitly. 

M. Lehot/s experiments (Feb. 27) are re-petitions of what had 
been previously made, and are only intended to prove that a 
straight conductor can communicate magnetism in opjxisition to 
tiiie opinion of the Marquis Ridolfi, who considered that it must 
be more or less turned round the needle to be magnetized. 

M. Schweiger s experiments have nothing in them new after 
what has been said. 1 do not know their date, but they are 
inserted in the Bib. Univ. for March, 1821. The author made 
Ins connecting wire pass several times round the needle, produc- 
Mvg m fact the same accumulation of effect as in the helix, and 
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used only two plates, four inches square. The eliects were very 
strong on the magnetic needle. M. Schweiger opposes M. 
Oersted^s theory, and advances one of his own. 

In the same number of the Bib. Univ. M. de la Rive descriix s 
the construction of two small apparatus, intended to sliow two 
of the experiments made by Ampere, the attraction of an elec- 
trical current by a magnet, and liis artiticial electro-magnet. 
The first is made of two slips, one of zinc, the other of coj)per, 
passing through a cork float, and connected above by a co|)i>er 
wire curved, \\iien this apparatus is placed on the surface ofdilute 
acid with the lower parts of' the slips immersed, a voltaic combi- 
nation is formed, which may be attracted and repelled by bringing 
a magnet in different directions towards the connecting copper 
wire above: fig. 12. The other is a zinc and coj)per plate, floated 
on a cork as before, but coiinectt^d aluive by a helix. Tins 
helix is made by wra])ping a eopj)er ^vile covered with silk 
round a small glass tube ; then sii])ping it off from the tube, 
making the ends of the \v ire return through the helix till near 
its middle, and then passing to the outside bt^vveen the curv(!s 
cf tile helix; they are then connected with the ends of the zinc 
and copper slips; and on the inslriunent being placed on the 
surface of* acidulated water, tlie ends of tlie helix will be 
attracted and repelled, like the poles of a magnet: fig. 13. 
These apparatus are very simple, easily made, and eflectiuil. 

M. Moll, in tliree letters to the Editor of the Journal de Pliy- 
sique, the first dated March 23, tlie others vvltlioiit dale, gives 
ail account of some experiments made to ascertain tlie rtlattve 
power of a battery consisting of many smalf jilate^ and oae®r 
two large plates only. The large apparatus consisted of'a nar row' 
trough of copper, CQiilaiiiing a jilate of zinc, presenting near four 
square feet of surface. The smaller aj)paratiis w as one consist- 
ing of plates, four inches square, put together in Dr. AV oil as ton’s 
manner, witli the copper round the zinc. With the large appa- 
ratus, M. Moll remarked, that the magnetic power was very 
great, when the conneoting ware was of considerable thick- 
ness (2-IOths of an inch) ; but when a piatina wire much smaller 
was used (1 -100th of an inch), the power diminished considera- 
bly. With a copper cylinder, however, about one incli in 
diameter, the power A as diminished. No chemical action could 
be obtained liy this apparatus on making the connection with 
saline solutions, or tincture of litmus, t hough the magnetic effects 
were very powerful. In making the comparison between this 
apparatus and that with small plates and cells, 36 pair of tlie 
latter were taken; so that an equal surface of zinc was used in 
both instruments. Tliese being put into action by the same 
acid, mid the connecting wires being similar, that of the two 
plates made the needle deviate from GO® to 70^ from the magnetic 
; while that of the small plate batter}^ made it deviate only 
12 . The decomposing power of the small plate batteiy was 
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very considerable and M. Moll draws the conclusion that the 
apparatus with cells produces intense chemical effects 'while its 
magnetic action is very little; while the sino-Ie pltes 
scarcely any chemical effect, though their magnet^ po^wer be vel^ 

M. Moll also remarks, that the positive and negative state of 
his single plates is in opposition to the states of a battery of 
many plates, inasmuch as the zinc pole is negative, andVe 
copper pole positive. He found the positions of the maeneffc 
needle near his wire the reverse of what it was near the wre of 
a battel y of many plates ; for when the wire extended from t4* 
zinc pole, north, to the copper pole, south, a needle placed beneath 
turned towards the west instead of the east, and above in the 
contrary direction, ihe cause of this difference will be readilv 
seen, when it is remembered that M. Moll was using the wire that 
the zinc and copper plates of the same pair, and not 
of pairs ; so that, in fact, his connecting wiie was in the 

mveise direction of those used to connect between the poles ofa 
"IV ^ lour or more plates. Hence the deduction, that the 

of thp r opposite state to thoSe 

of the battery of many plates, is probably premature 

In endeavouring to increase the size of the plates, and vet 
preserve the instrument in a portable form, the plates were at 
tlie suggestion of Lieuf.-Col. Offerhaus, bent into a spiral form 
one within the other. This arrangement has been adopted some 
time since by Dr. Hare, of Philadelphia. The effects^ with this 
j|ptruinent were very powerful, and similar to those described 

riiough possessing such powerful apparatus, M. Moll could 
not succeed in magnetizing a needle, except by making the con- 
nectiiig wire form more or less of a spiral around it; and con- 
cludes from Ills experiments, that it is absolutely necessary that 
such spiral should exist to give mhgnelism. There can. hoover 
be no doubt, particularly from the e.xperiments of Sir H Daw' 
that such spiral is not necessary, since a straight discharge’ 
tonsverse to a needle magnetized it, though many inches off. 
Neither does M. Moll admit of the magnetization o‘f needles on 
the outside of spirals. 

Some experimerits made by M. Pictet, *April I at Florence 
confirmed the results obtained by M. Oersted. ^ 

M. PoggendorPs galvano-magnetic condenser is simply a 
helix placed perpendicularly, and having the ends of the wire^ 
forming it attached to a zinc and a copper plate, which syre 
placed m dilute acid When an unmagnetized needle Is raised 

on a pivot into this helix so as to be perpendicular to its ngp?. 

It IS said soon to become magnetic whatever may be the nature 
or however connected with the plates, and to point 
north and south. It is to be observed, thatt^e needle is not in 

experiments, in, or parallel to, the 
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mxk of the helix, but is perpendicular to it. It is probable that 
it beoomes magnetic by some indirect action of the apparatus . 

Finally, a paper was read on July 5 to the Royal Society by 
Sir H. I>avy on the magnetic pbenomena moduced by electn- 
city, and their relation to heat occasioned by the same agent ; 
but this has not yet been published, nor any account of it given 
to the world, so that I am unable to state what facts it may 
oonlain. 

Such, Sir, is an imperfect account of tlie experiments made on 
tills subject since Oersted’s discovery, that I have been able to 
get access to. With regaixi to what had been done before that 
time, though many philosophers had dwelt on the relation of 
electricity to magnetism, and theorised upon it, yet very little 
etee thj^n opinion can be found in their writings. I cannot, 1 
think, do better than copy the note at the commencement of 
Sir H. Davy’s first paper, to show how" little had been done at 
that time, and with that I shall finish this historical sketch of 
facts ; and endeavour, in the remainder of this letter, to give a 
somewhat familiar account of the different theories of electro- 
magnetism that now exist. 

M. Ritter assepted, that a needle composed of silver and 
zinc arranged itself in the magnetic meridian, and was slightly 
attracted and repelled by the poles of a magnet, and that a 
metallic wire, after being exposed in the 'voltaic circuit, took a 
direction NE and SE. His ideas are so obscure that it is often 
difficult to understand them ; but he seems to have had some 
vague notion that electrical combinations, w'hen not exhibitii^ 
their electrical tension, were in a magnetic state, and that there 
was a kind of electro-magnetic meridian depending upon the 
dlectricity of the earth. — (Annales de Chimie, tom, Ixiv. p. 80.) 
Since this letter has been written, Dr. Marce^t has been so good 
m to send me from Genoa some pages of Aldini on Galvanism, 
and of Izarn’s Manual of Galvanism, published at Paris more 
than 16 years ago. M. Mojou, sen. of Genoa, is quoted in these 
pages as having rendered a steel needle magnetic by placing it 
in a voltaic circuit for a great length of time. This, however, 
seems to have been dependent merely upon its place in the mag- 
netic meridian, or upon an accidental curvature of it; but M. 
Romagnesia, #f Trent, is stated to have discovered that the pile* 
of Volta caused a declination of the needle : the details are 
not given; but if the general statement be coivect, the author 
®ouia not have observed the same fact as M. Oersted, but merely 
fnpposed, that the needle had its magnetic poles altered after being 
^eed in the voltaic circuit as a part ot the electrical combi- 
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Article V. 

Description of a New Balance. (With a Plate.) 

By W. Herapath. Esq. 

(To the Editor of the Annals of Philosophy ,) 

SIR, Briftol^ Aug, 14, 1S2II# 

A BALANCE without friction, or with as little as possible, has 
always been a desideratum among chemists. I have, in a great 
measure, accomplished this in making one for my own use, by 
suspending the neam from a magnet, as shown in Plate IX. 
The scales are hung upon the points of needles rivetted into 
moveable pieces, which are recommended by Mr. Daniell in the 
last Journal of Science. I have used it w ith 165 grs. in each 
scale, and have no doubt but it would have carried 250 ; it pos- 
sesses this advantage, that the friction of the axis is reduced as 
the weight is increased, and, of course, it is most sensible wjth 
the greatest weight. The extremities of the magnet are convex 
to reduce the points of contact; the scales are made ofjeweller^s 
foil, and, wuth the beam, weigh 62*75 grs. When loaded with 
live grs. in each scaln, 1-lOOth grain moves the index through 
an arc of The axis has knife edges, but I intend making 
one w'ith points, and wdth two brass rings surrounding it, to pre- 
vent its falling in case of accident. 

I mean Ui hawf a set of magnets of various strengths so as to 
apportion the attraction to the weight, it will then be most sen- 
sible with that weight I wish to use. 

I am, Sir, your most obedient servant, 

William Herapath. 


Article VI. 

i)n Mr. Smithson's Hypothesis the F^rwiaiion of Capillafy 
Copper. By Charles Konig, Esq. 

(To the Editor of the AmMs of Fhilosopfy,) 

BEAR SIR, mUih mmiurn, m, mh 

Mr. Smithson's hypothesis, that the canOkry 
in the cavities of copper slags is prodnoed ny the 

fttsed rnetal through the pores of the sufxiiKmdii^i^ kfR 

ingenious, Ihati me experiments by fas emdimPORirid 

verify it appear eoneksive. The passi^ of meitad tm 
east iron acted upon by ii^nse fasat is a isct vdiudkl 
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adds to the probability, that not only a great portion of capillary 
native copper, but also silver (especially that from Peru, in the 
hollows of porous iron-shot quartz) is produced by the same 
agency, and under similar circumstances. It may not, there- 
fore, be uninteresting to Mr. Smithson to learn, that the above 
remarkable fact^ communicated by him in the Annals of Philoso- 
phy for April, on the authority of M. Ampere, is already men- 
tioned by Sir James Hall, in his account of the experiments on 
the effect of heat modified by compression. A substance like 
wool was formed in several of those experiments by the exuda- 
tion of the fusible metal tlirough the barrels of iron employed by 
him ; the metal in a liquid state spouting to a considerable dis- 
tance. There is some of this metallic wool among the speci- 
mens, showing the result of his experiments, and deposited by 
Sir James Hall in the British Museum. 

Believe me, dear Sir, very truly yours, 

Charles Konig. 


Article VII. 

On Wollaston's Therynomcter, and its Appluatio)) iu Measurino 
Heights. By James Apjohn, AB. MI). 

(To the Editor of the Annals of Phil osoplnji) 

Trhuty CoUc^<\ DuUin^ Aug, 18, 1821. 

Though the Rev. Dr. Wollaston, to whom the credit of the 
invention of the thermometrical barometer is undoubtedly due?, 
has transmitted to the Royal Society two papers describing its 
construction, and some measurements made with it, still he does 
not appear to me to have sufficiently explained its principle, or 
to have duly appreciated "its importance. A few remarks on 
these topics may, therefore, prove not unacceptable to those who 
have not hitherto directed their attention to this subject. It is 
a curious and well-kiiown fact, that the boiling points of liquids 
are lowered under diminished pressure ; and it lias frequently 
occurred to philosophers, that this discovery might be turned to 
account for the purposes of levelling. All that would appear 
necessary for putting this method into practice would be the 
possession of a very delicate thermometer, and a knowledc^e of 
the law ‘which indicates the relation between a given fall or rise 
in the boiling point of water (for example), and the corresponding 
ascent or descent. Now if from the observation of the boilincr 
points at any two stations, we can infer the pressures due to 
those temperatures, it is clear that the problem is solved, and 
that the subsequent calculation is to be conducted as if the den- 
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cities of the atmosphere were determined by a common baro- 
meter. But that w^e may fully understand the manner iti which 
the pressure, at any station, is inferred from the temperature of 
water boiling there, or more properly from the temperature of its 
steams, it is necessary to recollect, that when water boils, the 
tension of its stearn is in equilibrio with the pressure of the 
atmosphere, and, therefore, that both are susceptible of the same 
measure. But Dr. Ure has shown, by a number of accurate and 
well-arranged experiments, that the temperature at which water 
boils, and the tension of its steam, are so connected that 30 in- 

ches of mercury, being its tension at 212°Fahr, will be its 

Si) * 

tension at 202, ^ — y will be its tension at 192, and so on, 

the second figure of the decimal part of the ratio increasing by 
unity for every 10 degrees as we descend, but decreasing by 
unity for every 10 degrees as we ascend. Thus the tension of 
steam at 222 is 30 x 1-23; at 232 is 30 x 1-23 x 1-22, &c. 
That this formula can only be true within certain limits is obvious 
from the consideration that at all temperatures above 442, ,we 
should have the elastic force of steam decreasing while its tem- 
perature increased — a conclusion manifestly absurd. However, 
with such high temperatures, we have at present nothing to do, 
nor indeed was it at ijll intended that tlie formula should extend 
to tliem ; and for all temperatures about 212°, with which alone 
we an^ concerned, I think, from the well-known accuracy of the 
experimenter, it may be safely relied on. By means of this for- 
mula, Dr. Wollaston has constructed a table, the small fragment 
of which here given, is quite sufficient to enable us to calculate 
all heights within its range from observations made with the 
thermometrical barometer. 


Boiling points of water. (-'^'-esponding heights of 
^ baroiiiqjer. 


214 31-2395 . 

213 30 (>149 *. 

212 30-0000 . 

211 29-3948 . 

210 28-7993 . 

209 28-2133 . 

208 27-6367 . 

207 27'tJ695 . 

206 26-5115 . 

205 25-9627 . 

204 .... 25-4230 . 

203 24-8923 . 

202 24-3704 . 


Height in feet corresponding: 
to a fall of a degree in the 
boiling point. 


526-320 

628-666 

631-006 

533-352 

536-692 

538-028 

540-378 

543-724 

646-064 

547-404 

549-750 

552-090 


The above table might have been more easily constracted by 
assuming that the tension of steam observes a g^metrio, :whila 


^4 Dr. Apjohn on WoUastm’s T/iermdmeter. [OcT. 

its temperature incieJases in an arithmetic ratio, nor wouW it, 
Aus csulculated, have been materially less accurate. To illus- 
teate its application, we will here give the particulais of a 
measurement lately made with an instrument belonging to Dr. 
Stokes. This instrument was made by Mr. Lovez, of Edinburgh. 
Its bulb is 1-4- inch in diameter, and it possesses a scale of 
13-16th8 of an inch to a degree. The degree is divided into 20 
CQual parts on* an attached brass scale, and these are further 
arvistble into l-20ths by means of a sliding vernier. To this 
-short description, I will merely add, that the point 212 was fixed 
for a pressure of 30, referring for a more detailed account of the 
mode of constructing similar instruments to those papers of Dr. 
Wollsteton’s already alluded to. Near the gate leading to Dr. 
■Stokes’s house at'Ballantyne, the instrument, in the steam of 
boiling water, stood steadily at 21 1 + i ’ , the thermometer at the 
same time indicating a temperature of 68-5; and on the top of 
the Three Rock Mountain, w e found that the boiling point had 
descended to 209 + the thermometer having likewise fallen 
to 62. By a reference to the table, then, it will appear that the 
enjtire ascent consists of -Jvths of 535-692 together with 533-352 
and ^i^ths of 531-006 feet, making a sum total of 1170-199 feet. 
The correction for temperature is applied in the followring 
manner : Let the tabular height 1170-199 be multiplied by 33-2 
(the excess of the arithmetic mean of the temperatures of the 
two stations above 32), and let the product be multiplied by 208 
(which we will call the constant multiplier), and the decimal point 
be moved five places to the left, the resulting number 80-809, 
added to the tabular weight, will give 1251-008 teetjorlhe true 
height of the Three Rock Mountain over Baliyntyne. It will be 
here observed that I do not use the same correction with Dr. 
Wollaston. His is greater, and was adopted on the authority of 
General Roy. Mine is taken from a work on Mechanics, pub- 
lished by the Rev. Mr. Robinsop, late Fellow of Dublin College, 
and is that which occurs in the barometric formula of Laplace. 

As has been already stated, the instrument on the Three Kock 
Mountain stood at 209 -t- • therm. 62 ; but in about half an 
hour after, on Garrycastle, an adjacent mountain, it fell to 209 
+ therm. 62 still. It is manifest, then, that the tabular 
height is half of 535-692, which, when corrected in the manner 
already specified, gives for the height of Garrycastle over the 
Three Rock Mountain 284‘559 feeL By adding this to 1251-000 
feet, the true height of the Three Rock Mountain over Ballyn- 
tyne, we shall have for the elevation of Garrycastle over Ballyn- 
tvne 153§-561 feet. NoW the heiehts of these moontains, as 
determihed barometrically by Dr. Filton and Mr. Weaver (see 
vol. v. of the Geolog. Trans. Memoir by Thomas Weaver, Esq.) 
are: Three Rock, 1247-9; Garrycastle, 1631-7, "which numbers 
acanoely from those given above. The above reihlts are 
vaiy aatiaiai^my, aiul indeed their close correspondmice with the 
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baroiiietrical determinations are rather surprising, the deviations 
being much within the limits of the possible errors of observation. 

On Xhe whole, this instrument appears to me much more efi- 
gible than the common barometer. It has many advantages 
over it. I will enumerate some of them. In the first place, it 
is much more portable — a circumstance of considerable conse- 
quence, and one which will be duly appreciated by those who 
have had sufficient scientific zeal to carry one of Troughton-’s 
barometers to the summit of a high mountain. Secondly, it is 
capable of being made much more sensible. Iffie sensilulity of 
the instrument with which the above observations were made is 
to that of the barometer nearly in the ratio of 65 to 48. Thirdly, 
the calculation is much more simple, as is obvious from the 
examples already given. The table precludes the necessity of 
having recourse to logarithms ; and it is an advantage peculiar 
to this method, that it is encumbered but with one of the 
two corrections necessarily embraced in barometric formulae. 
Fourthly, an observation is made with surprising despatch ; for 
as the insti'uinent should be always kept in the steam, on 
account of the superior equability of its temperature, a very small 
quantity of water in the boiler will be quite sufficient for ev%rv 
pumose. 

Dr. Wollaston does not appear to have used his instrument 
unless ill subservience to the barometer. He merely divides an 
attached scale into a’ number of equal parts, and knowing the 
number of these coi Besponding to a degree of* Fahrenheit, and 
the altitudes of the barometer at the times of the tw’o observa- 
tions, he is enabled to calculate the true height. This attention 
to the hei^t ot the barometer by a second observer is generally 
found very inconvenient, and is, I believe, quite unnecessary, 
unless when the weather is very unsettled, or the interval of time 
between the observations considerable ; or, lastly, where extreme 
precision is desirable. To render the thermometrical barometer 
an independent instrument, and* even superior in consequence of 
its greater sensibility to any single barometer, it is only neces- 
sary that the point 212 be taken ibr a pressure of 30, which may 
be done, under any given pressure, in the following manner: 
Take the difl'erence fetween the height of the barometer at the 
time and the standard height 30 ; and 3 is to 5, so will this 
difierence be to the distance (measured in degrees of the scale) 
above or below the point at which the instrument then stands, 
at which 212 is to be placed. This fourth proportional is to be 
measured upwards if the barometer stands below 30, downwards 
if above 30, The practice of this method evidenlly fu^uppos^ 
the knowledge of She length of a degree in the i^ale of the 
mstm^nt, 4^ thisis^ be detenniaed (as Dr* W^^astembas 
judtcioiisty remarked) at k low umipemimtt before the kistiit- 
meat % sealed, by comparison with a good thermometer. 



296 Dr, Afjjohn on Wollaston^ s Thermometer, [Oct. 

Two other measurements have since been made with the 
therm, barometer which differ very widely indeed from the 
barometrical determinations. The one was of the greater Sugar 
Loaf, the other of Douse Mountain. We will give the particu- 
lars. On Aug. 12, within a quarter to 11 o’clock, a. m. the 

instrument stood near Col. Wingfield’s lodge at 212 + ther- 
mometer 62, and same day on the summit of the greater Sugar 
Loaf within 20 minutes of two, p. m. it stood at 209 + 
therm. 60; and same day, also, on the top of Douse, 31 minutes 
past four, it stood at 207 -f- thermometer 54. From these 

data, it follows that the tabular heights of these mountains 
respectively are 1579’446 and 2326*33 feet. To these numbers 
a correction must be applied which has not been hitherto 
adverted to. In the interval between the first and the succeed- 
ing observations, a barometer at Dr. Stoke’s house, Harcourt- 
street, rose from 30 to 30*05, w here it continued for the remainder 
of the day. JNow as this increment of pressure must have pre- 
verated the due fall of the boiling point on the Sugar Loaf and 
Douse, a compensating correction must be applied to the tabular 
heights given above. This is easily done. For as *6 of an inch 
on the barometer corresponds very nearly to the 21*2th degree ; 
that is, to 330*006 feet (see table) *05 of ah inch wall give 1-1 2th 
of a degree, which is equivalent to 44*25 feet. By adding this 
to 1579*446 and 2326*33 feet, we shall have ]623*t)96 and 
2370*58 feet for the true tabular heights of the Sugar Loaf and 
Douse. When, to these numbers corrected *ior femperature, 
15*5 feet be added (the heiglit of the lowest station over low" 
water mark), we shall get for the true heights of the Sugar Loaf 
and Douse 1737*137 and 2514*28 feet respectively. The height 
of the Sugar Loaf as determined by Dr. Taylor and Mr. Weaver, 
according to the barometrical nlethod, is 2004 feet, and that of 
Douse, as similarly determined by Mr. Griffith and Mr. Weaver, 
is 2392 feet. The elevation, then, we give Douse, is about 122 
more than that assigned it by these gentlemen, and that we give 
the Sugar Loaf about 267 less. It is difficult to reconcile dis- 
cordancies of such ms^gnitude. It is remarkable, however, that 
we make the excess of the height of Douse over that of the Sugar 
Loaf nearly twice as great as that deduced f rom the barometrical 
results. Now an error of this amount, I am confident, could not 
have occurred in our observations. I am, therefore, 1 confess, 
at present disposed to account for the want of correspondence 
between our measurements by some error in the barometric 
determinations.. It is proper to observe here, that all the above 
, observations were made conjointly by me and my friend Mr. W. 
Stokes. # 
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. ' Article VIIL 

A Series of Ohservatimis on the Thermometer ^ made on June i5, 
1821, at Crurnp^all, in Lancashire, for the Purpose of ascer^ 
taining the most convenient Method of obtaining^ the Mean 
Temperature of the Natural Dap, By Mr. John Blackwall. 

(To the Editor of the Annals of Pkilosophij ,) 

SIR, Crump, mil, July 20, 1821, 

Snoi LD you consider the following observations and remarks 
at all calculated to interest your meteorological readers, they 
are much at your service. Your obedient servant, 

John Blackwall. 


Hour. 

Thcr. 

Hour. 

Ther. 

Hour. 

Ther. 

I oh 

night 

48*50 

i 

30' 

54.20 

5h 

0 ' 

03-0^ , 

J 2 

.SD' 

480 

9 

0 

55 0 

5 

30 

63*2 

1 

0 

48-0 

9 

30 

56*5 

6 

0 

6S0 

1 

30 

47*0 

10 

0 

M-2 

6 

SO 

61-0 

2 

0 

46*0 

: 

30 

59'5 

7 

0 

610 

2 

30 

46*0 

i n 

0 

61*0 

7 

30 

59 5 

H 

0 

40*5 

u 

30 

03*0 

8 

0 

590 


30 

47*5 

12 

noon 

64*2 

8 

30 

57*5 

4 

0 

47*7 

12 

30 

04*5 

9 

0 

57*5 

4 

30 

48*0 

1 

0 

64*5 

9 

30 

56*5 

5 

0 


I 1 

30 

64*5 

10 

0 

56*0 

5 

30 ^ 

48*5 

' 2 

0 

05 T 

10 

30 

35*5 

0 

0 

49 5 

i ^ 

30 

04-5 

11 

0 

55*0 

6 

30 

500 

; 3 

0 

07*0 

11 


340 

T 

0 

52*0 

i ^ 

30 

000 

12 

night ‘ 

54*0 

7 

30 

53*2 

1 4 

0 

64*3 



« 

0 

53*7 

4 

SO 

645 





,Jt has long been a subject of regret among meteorologists, that 
a greater degree of uniformity is not observed in the time and 
manner of taking their observations ; the irregularity which pre- 
vails rendering a comparison of registers kept by different 
persons almost impracticable, and nearly pseless. 

It is hardly to be expected, however, that obl^ervers will be 
induced to adopt a more regular system, or that they will be 
influenced any otherwise than by convenience, or caprice, until 
the best mode of conducting meteorological observations bus 
been found by direct experiment. 

In order to attempt the attainment of this object; as far as 
regards temperature, on the evening of June 14, . a common mer- 
curial thermometer, a Six'fiikhormometer, mid a pair of howBewalal 
self-re^tering thermometers, arranged according toRutherford^ 
method, were placed in the open air, out of the direct influence 
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of the sun, about a foot from the window of a room on the second 
floor, having a northern aspect. 

The preceding observations were made with the common mer- 
curial thermometer: the first, at 12 o’clock on the night of the 
14th, and one each succeeding half hour, to 12 o’clock on the 
ni^t of the 15th, making a total of 49 observations. 

The state of the weather during the whole of this period w as 
as follows : From 

Midnight on the 14th to half-past two, a. in. on the lotli, 
clear an(i starlight. 

Half-past two, a. m. to half-past three, clear and fine. 

Half-past three to four, hazy. 

Four to half-past six ; dense fog. I* 

Half-past six to eight, foggy. 

Eight to nine, hazy. 

Nine to eleven, hazy, with clouds and faint simshine. 

Eleven to one, p. m., sunny, with some light clouds. 

One, p. m. to half-past one, cloudy, with a little i'aiut sunshine. 

Half-past one to half-past two, overcast. 

H^lf-past two to four, cloudy, with gleams of sunshine, 
r Four to half-past five, cloudy. 

Half-past five to half-past seven, cloudy, with gleams of* sun- 
shine. 

Half-past seven to eleven, cloudy. 

Eleven to midnight, moonlight, with a few clouds. 

The wind was SW. and light, all the time. 

The lowest point to which the mercury descended w as 46^ ; 
this extreme it reached at two o’clock, a.m. and remained sta- 
tionary for half an hour ; w hen it began gratnualTy to ttscend, 
and reached 67®, its highest extreme, at three o’clock, p.m. 
The mean of these extremes is 56*60^, and the mean of the 49 
observations is 56*37^. 

The means of two observations, one taken in the morning, and 
the other in the evening, that approach the nearest to the mean 
of the natural day, appear to be those obtained from observa- 
tions made at 

Half-past seven, a. m. and half- past seven, p. m, the mean of 
which is 66*35®. 

Eight, a. rn. and eight, p. m. the mean of which is 56*35®. 

Nine, a. mt and nine, p. ni. the mean of which is 66*25®. 

Half-past nine, a. m. and ten, p. m. the mean of which is 

Ten, a. m. and half-post ten, p. m. the mean of which is 

56-35®. ^ 

The nearest means of three observationa seem to be those 
feitnd fioM observations taken at 

Haif^past seven and half-past tefi, a. m. and half-past nme, 

p* mean 56*40®. 

Eight and half-past tai, mad ten, p. m. ; mean 56*40^. 
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Half-past eight and half-past ten, a. m. and half-past ten, p.m.; 
mean 5()’40°. 

Half-past eig*ht and eleven, a. m. and half-past eleven, or 
twelve, p. ni. ; mean 56‘4()°. 

Half-past seven, a. m. and haJf^ast six or seven, and eleven, 
p. m.; mean 56'40°; 

Half-past seven, a. m. and half-past seven and half-past nine, 
p. m. ; mean 56-40°. 

Eight, a. m. and half-past seven and ten, p. m. ; mean 56-40°. 

Half-past eight, a. m. and half-past six or seven, and half-past 
eleven or twelve, p. m. ; mean 56-40°. 

Half-past eight, a.m. and half-past seven and half-past ten, 

m. ; mean 56-40°. 

Half-past eight, a. m. and eight and ten, p. m.; mean 56'40°. 

Ten, a. m. and half-past nine and half-past ten, p. m. ; mean 
56-40°. 

The extremes by Six’s thermometer were 46-8° and 65°, the 
mean of whieh is 55-65°; and the extremes by Rutherford’s 
thermometers were 47° and 66-5°, the mean of which is 56-75°. 

It is very probable that the mean temperature of the natural 
day is generally taken too high in summer ; especially when 
found from three observations, one of which is made at one 
o’clock, p.m. The most convenient method of taking it, and, 
perhaps, as accurate a one as can be adopted, having the addi- 
tional advantage also of giving the extremes of temperature for 
the period, which are not obtained by the usual modes of observ- 
ing, is to find the mean of the daily extremes registered by a 
good Six’s therm ometer, or by a pair of Rutherford’s horizontal 
thermometers. This result will not be far from the truth. A 
preference, however, will generally be given to Rutherford’s 
thermometers, as they are rectified by simply raising one extre- 
mity of the frame to which they are attached, and letting the 
indexes slide, one to the end of the spirit, and the other to the 
end of the mercury ; whereas the application of a irognet is 
necessary to bring the indexes of a Six’s thermometer into their 
pr^er situations. 

For tlie more perfect attainm^t of the object under consider- 
ation^ another series of observations similar to the foregoing 
should be made in the month of December. 
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Article IX. 


Astronomical Observations, Sept, 1821. 

By Col. Beaufoy, FRS. 

Bushey Heath, near Stanmore. 

Latitude 51® 37' 44*3" North, Longitude W'est in time 1/ 20*93". 


Sept. U. Ingress of Jupiter’s first sa- ^ I0‘* 23' 29" ? Mean Time at Bushev. 

I LI ^4 50 > Mean Time at (Greenwich, 

Sept. 11. Emersion of Jupiter's third ^ 10 3(» 12 ' Mean Time at Bushey. 

satellite... ( |0 ^ 5Ican Time at (irtenHich, 

Sept. 12. I mmersio’* of Jupiter’s second < 13 29 ) J Mean Time at Bushey 

satellite ( I3 30 40 Mean Time at (ireenwich. 

Sept. 18. Imicrsion of Jupiter’s tliird ( 14 30 09 > 5Iean Tin at Bushey. 

siitellite ? 1 31 3(; ^ Alean Time at (freenwich. 


’ i^RTIC'E X. 

Analysis of Tabular Spar from Parras, By T>. A. Br)nsdorir 
Ph. I). ofAbo.=^^ ^ 

AiMONG many rare minerals occui in the lime qiiarries 

of the parish of Pargas, tliere is a wliite raviivited substance, 
which was for a long time coiisidta’ett to b*^' ti.iiioHtc^ l.)ut an 
analysis which 1 have perfonn-:d shows t».et tins imneral is tabu- 
lar spar. It occurs principally in t! lime ,^uarrv of Skfabbble, 
in tile parish abovemeiitioned ; it is aceompann: d wiin granular 
calcareous spar, blackish spliene, ai..t an amorpluMis miueral of 
a reddish colour, resembling idocrase, or gariK,t. 

Xhe coioiir of this tabular kpai is win' .rnnslucent at the 
edges ; its lustre vitreous, but not very cvjiisiderable ; it is 
scarcely hard enougli to scratch glass, auxl its fragments are fili- 
form. By the blowpipe, at a high temperature, it melts at the 
edges into a translucent shining glass; with borax and microsmic 
salt, it forms a clear glass ; vvith soda, the glass is opaque ; when 
heated with solution of nitrate of cobalt, it assumes a blue 
colour, proving that it does not contain magnesia, and, corise 
quently, that it is not tremolite. 

I had great difficulty in procuring pure fragments of tliis 
mineral for analysis ; because it is mixed with calcareous spar, 
with very small grains, of a green substance, resembling actinote, 
and of a white one, which seemed to be quartz. After these had 


* Extracted %om Memoirs presented to the Academy of Sciences in Petersburgh, 
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been separated, as iniicli as possible, by mechanical means, I 
endeavoured to dissolve the remaining portions of calcareous 
spar by acetic acid ; but I found that this mineral possessed the 
nnusual property of being to a considerable extent decomposed 
by acetic acid. 1 had, therefore, tio other method of separating 
the calcareous spar, than that of treating the levigated mineral 
with an aqueous solution of carbonic acid, and this answered the 
|)arj)Ose \tremely well. 

1 now proceeded wi Ji the miaiysis as follows: parts of 

the piaitied powder of tabular spar were mixed with three times 
their vv eiL,<d of carbonate of potash, and heated in a platina cru- 
cible ; th ' mass ."cated with muriatic acid, the solution evapo- 
rated to Iryness, and le /esiduum J’gaiii treated with muriatic 
acid, left the silica, diich when washed, dried, and ignited, 
AeiL,he(l 1 )*2 parts. The muriatic solution saturated with 
ammonia aiibrd ‘d a small qtraniiqy o precipitate, wiiicli, when 
boiled vvitii solution of j)ot ash, exliibit^d only a trace of alumina; 
tl)e portion in.>oliibl mi potash consisted entirely of peroxide of 
whicii wo- hod. Jitter ignition, 2 > parts = 20 of protoxid'* 

(ifitiUl, ^ 

( arbonate of ammonia added to tlie solution from which the 
.amnina and oxide of iron had l)een separated by ammonia, gave 
a vdiite prc'cipitate, which w^as carbonate of lime; it weighed 
( iS parts = 77*8 of lime. This carbonate of lime was dissolved 
ir. a mixture of muriatic and sulphuric acid, and evaporated to 
clryncss. Tlie ignited sulphate of lime weighed 185*4 parts = 
77 Otdime ; tlier', •o.isecpKmtly, a little difference in the weight 
-rd the lime Inced f\»m the carbonate and the sulphate. I 

siiall, thoreloif', take the mean = 77*4 as the true quantity of 
lime : a little water w i> added to the sulphate of lime, and the 
solution 1' Uained beii.g r.^^uumed, was not found to contain any 
magnesia. 

The soiuliou winch naiiatiied after precipitation with carbonate 
uf ammonia w as lieated to v bullition, and solution of carbonate 
of potash added to it. This gave' a precipitate which, when 
waslied and ignited weighed 2*() parts. This treated with sul. 
pliuric acid evaporated to dryness, and treated with a small 
quantity of water, left bad of sulphate of lime = 1*4 of lime, 
which, deducted from 2*8', leave T2 as th^ quantity of magnesia, 
contained in the mineral. 

In order to determine the quantity of volatile matter contained 
in this mineral, a portion of it that had been purified, and w^hich 
weighed 50*5 parts, was ignited for an hour in a platina crucible; 
it then w^eiglied 50*0, again exposed to heat increased by the 
bellows, it suffered no further diminution of weight. According 
to this experiment, the loss by heat amounts to 0*99 per cent. 


* The quantity actually employed was 1*755 gramme. 
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The analysis, consequently, gives as the constituents of the 
tabular spar : 

Silica 62*58 

Lime 44*46 

Magnesia 0*68 

Protoxide of iron. 1*13 

Alumina Trace 

Volatile matter . . 0*99 

99*83 

It is to be observed that the small portions of magnesia and 
oxide of iron can only be considered as mechanically mixed, but 
even in this state theymust be combined with a portion of silica, 
and very probably they form a bisiliciate ; then 0*26 -f 0*26 = 
0*62 and 0*52 x 2 = 1*04; consequently, this quantity of oxy- 
^ 1 , when subtracted from the oxygen of the silica, will leave it 
§5*41 ; and when we double the oxygen of the lime, we shall 
have 24*98, which is very nearly equal to the quantity of oxygen 
i,n the silica ; and it may be further observed, that the quantity 
of silica is probably increased by the imperfect separation of the 
small grains of quartz : this mineral is, consequently, a bisiliciate 
of lime, and its mineralogical formula as C S'K 

It is stated by Klaproth, who first analyzed the tal)ular spar, 
that this mineral from Dognatzka, in the Bannat, besides 50 per 
cent, of silica, contained 5 per cent, of water. On this account, 
I have endeavoured, as much as possible, to ascertain the true 
quantity of volatile matter; but the results oPuar^ experiments 
indicate great difference in this respect. It is, however, known, 
from the examination which M. Berzelim, has made of tliis mine- 
ral from the Bannat with the blowpipe, that it contains no water 
at all, and, consequently, the difference of composition which 
appears to exist in the minerals is explained . 

As it is proved that the tremolite from Pargas agrees perfectly 
m composition with the tabular spar, it may be concluded that 
^h€*tatter has been frequently mistaken for the former. At the 
village of Perhonjemi, in the government of Kymmene, in Fin- 
land, there occurs a fine white radiated mineral, which has been 
considered to be tremolite, but a recent analysis of it by M . Rose 
gives 51*60 silica and 46*41 lime, with Ml of actinote mecha- 
nically intermixed. At Gbkum, near Danemora, in Sweden, a 
mineral is found, which very much resembles the tabular spar 
from Pargas, and which has been found to be similar also in 
composition. 


containing 26*46 of oxygen 

12*49 

0*26 

0*26 
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Article XI. 

Reply to X.’s Remarks on Mr. Hcrapath’s Tfteory. 

(To the Editor of the Annals of Philosophy.) 

BEAR SIR, Cranford^ SepU 1, 1821. 

The object I have all along professed to have in view is the 
investigation of truth, and with this object I shall ever be ready 
to attend to any remarks on my writings made in m cpen and a 
gentlemanly manner, when they display in their author a suffi** 
cient knowledge of the subject to entitle him to attention. WiU^ 
respect to your correspondent X. he has at least introduced and 
closed his Remarks in a way that cannot fail of eliciting my 
approbation. Having said this much, 1 trust he will not be 
odended at my requesting him to read all that 1 have published 
on the subject, to re-peruse the papers he has attacked, and tQ 
reconsider the one he has written. Probably your correspondent 
will likewise allow me to observe, that the addition of his name 
would not induce me to pay less attention to his remarks ; 
while it would screen them from that jealousy and suspicion of 
motive with which, 1 believe, anonymous attacks are now usually 
regarded, and which circumstances, connected with the fate of 
the latter paper, are by no means calculated to remove. 

i am, dear Sir, yours faithfully, 

J. llKRAPATH. 


Article XIL 


Oh Mr. Tredgold's Refutation"" Vf Mr. Herapath's 
(To the Editor of the Ammls of Fhilowphy.) 

BEAR SIR, Cranfordy Sept, 20, 1821. 

1 ruANK you for directing my attention to Mr. Tredgold’s 
Refutation of my Theory,” in the Philosophical Maga2iue, 
which 1 had not had the pleasure of reading. By this gentle- 
man’s observations, I cannot help thinking, that, like ^ur 
correspondent X, he has taken up his ideas of my pager a little 
too hastily. It is much to be feared whether the letter that 
stands at the head of my first paper, indicating some dissatis- 
faction on my part with certain members of the present Council 
of the Royal Society, may not have induced many individuals tp 
conceive that these members easily saw through the defects of 
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my views ; and, therefore, treated the paper witli that contempt 
which is the merited fate of visionary pretensions. I will not say 
that such is the opinion of Mr. T. and X. ; but 1 much question 
whether that letter has not led them to form a less favourable 
opinion of the subject than they otherwise would, and conse- 
quently to imagine it no difficult matter to refute a theory which, 
they suppose, had been already condemned by our highest 
scientific tribunal. Whether 1 miscontnied tlie conduct of* 
those members of the Council, and thus acted from mistaken 
feelings ; or whether that conduct w^as not such as I had a right 
to expect, is a question 1 am not here disposed to discuss. 
Suffice it to say, that repeated and mature considerations of the 
whole correspondence and concoiiiitant circumstances have not, 
in the minds of some respectable and competent judges, created 
one idea unfavourable to myself as a man, or as a philosopher ; 
and were Mr. T. acquainted with tiie w hole of the case, he w^ould 
not, I am persuaded, see any impropriety in my repeating to him 
the request 1 have made to X. re-peruse the papers you have 
attacked, and reconsider your own/' How^ever, lest any one 
should imagine I employ tliis as a subterfuge to avoid a discussion 
the consequences of w hicli I have reason to apprehend, I beg 
leave, in justice to my own character, to cite a few^ j)assages 
from the letters of Sir H. Davy, the President, and D. Gilbert, 
Esq. the Vice-President, which will serve to show* the weight of 
the objections that a ten months' consideration enabled some 
of the ablest members of the Society to make, as well as the 
opinion they entertained of the communication and its author. 

The first 1. shall quote is from a letter ot* M. .-41i!bert, dated 
June 6, 1820. 

‘‘ DEAR SIR, 

“ I had sometime since the pleasure of receiving your very 
curious investigation on the cause of gravity. I read it over ; 
and although 1 must confess myself not satisfied with the ulti- 
mate deductions, yet I w^as much pleased with the great inge- 
nuity displayed throughout the w hole ; but 1 entertained my 
doubts on the propriety of laying before the Royal Society any 
thing so abstruse and metaphysical. I, therefore, desired two 
of the best matheraatidians in London to look at the prentisesy and 
their opinions have confirmed my doubts. They say such a 
work should be laid before the public in a separate form." 

In another letter, dated Oct. 25, 1820, this gentleman says : 

You w^ould of course wish to avoid the paper's being read 
before the Society, and then not ordered for printing by the 
Council. I, therefore, endeavoured to ascertain the opinion of 
some members of the Council, who are usually looked up to on 
such occasions, and they considered the investigations as too 
theoretical for the Transactions without taking on ihetnselves to 
judge of the mathematics'^ 
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In a letter from Sir H. Davy, dated Jan. 13, 1821, he says : 

“ I have read the parts of your paper, which are intelligible 
withouV prof 0 and mat hemaiical studt/y with attention ; and highly 
ingenious as I find your views, 1 must say I am not impressed 
with ^ conviction of their truth. 

i he pressure of your gravific fluid, for instance, taking away 
weight, must depend upon the motion of its particles ; and yet 
you counteract this pressure by heat which you consider as 
motion.’’ 

On this passage I beg leave to observe, that a paper such as 
this, which is strictly mathematical, cannot be judged by general 
views. The President himself was aware of this; and in a 
conversation 1 had the honour to have with him at one of his 
Wednesday evening meetings, intimated that he laid no stress 
at all on his objection. 

In the same letter. Sir H. says, 

There is .sv> much in^enuifi/y and so minufe an acquaintance 
with the progress of discoverify displayed in your paper, that I 
cannot help wishing that its views and objects had been directed 
to a matter of pure experimental iiupiiry. For instance, the 
doctrine of heat and the investigation of its law's, supposing it 
to be motion. Such a preJiminart/ paper, if satisfactory, would 
prepare the philosophical ivorld Jor greater and more ab&t^use 
researches,'' 

In a note of Jan. 30, Mr. Gilbert, speaking of the reason of 
liis having first objected to present the paper to the Royal 
Society, says, 

On you: -tsrc count, as well as on my owai, 1 did not like to 
|)reseut a j)aper of so ntiich importance, and embracing so very 
wide a field, without consulting two or three members,” ^c. 

Ihe only other passage I shall (piote is from a note of Sir H. 
Davy, dated March 6. 

Having considered a good deal the subject of the supposed 
real zero, says Sir 11. Davy, 1 have never been satisfied wdth 
any conclusions respecting it. 1 cailnot see any necessary Con- 
nexion betw een the capacity of bodies tbr heat and tlie absolute 
quantity they contain ; and temperature does not measure 
a quaniiiy, but merely a property of heat.” 

in my reply to this part, dated March 8,*'I observed : 

You are awuire that 1 conceive heat to consist in motion; 
and that the temperature of a body is the intensity of the intes- 
tine motion of its particles estimated, when you compare the 
temperatures of diflerent bodies, not by their velocity, but their 
momeiitum. Fhe degree, therefore, of absolute coldds where 
the particles have no motion ; and my object has been to ascer- 
tain this by determining the ratio of theiikestine motions at two 
fixed points, as those of ice melting, and water boiling. What 
is called the capacity of bodies for caloric,” I have demon- 
ISev) Series, vol. ii, x 
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strated in my memoir to be owing to the numeratom of the 
bodies ; that is, the number of particles which there is in a 
unity of tlieir volume.” 

These extracts are taken out of near 40 letters which have 
passed on this subject; and except an acknowledged erroneous 
mathematical charge made by a gentleman, whom for obvious 
reasons, 1 do not mention, contain all the objections hitlierto 
raised. I hope, therefore, they will satisfy the world that diffi- 
cult as the subject is, 1 have not, in the opinions of tliose who 
are conceived to be our most scientific men, treated tire mattei 
in a manner very easily to be refuted. In fact, the whole diHer- 
ence between me and certain members of the Council has not 
been on account of any defined or undefined charge of <a ror— 

Under these circumstances, 1 trust tliat 1 may be allowed, 
purely from a wi^h to avoid precipitate controversy, to recom- 
mend luit only Mr. Tredgohl, and your correspondent X. to 
re-examine their difficulties and objections, but likewise anv 
other individuals w ho may be disposed to honour my views with 
their notice. 

• At present I perceive both Mr. T. and X. have fallen into 
errors and misconceptions ; and one, 1 regret to say, into misre- 
presentations, which 1 would rather see corrected by himself 
than by me. 

Though I have no intention now, to euier into the subject, I 
cannot help noticing the new and peculiar manner m which Mr. 
Tredgold has managed his “ Refutation.” Without advancing 
one fact against my views, he propounds a new theory of colli" 
sion, partly borrowed from mine» and paitly tter^vVikprinir of' 
own imagination, but agreeing neither witl^ the old theory, nor 
with mine, nor with that of any other individual ; and then he 
tells us, not indeed in words, but in substance, that ' his conclu- 
sions being most of them diti'erent IVom Mr. Herapath's, 

(Mr. T.’s) Refutation is complete, and Mr. H.^s theory tails to tin 
ground.’ 

What kind of a theury,’’ a friend asked me the other day, 

could you write to satisfy both Mr. 1\ and X. ? Would it not 
be advisable/’ said he, ‘‘ for these gentlemen to settle their 
own discordances before they venture to vUttack another?” — 
(See tin ir opinions of aeriform elasticity at the bottom of p. 13 I , 
Phil. Mag. for Aug. and bottom of p. 224, Aima/s for Sept.) 

I now beg leave to inform your readers, that the paper attacked 
has but one first principle, that of absolute hardness in tlie ulti-^ 
mate atoms. The postulata, though they are |)ut in this form, arc^ 
not, as 4 have in that paper hinted, incapable of being esta- 
blished by rigorous demonstrations; but I chose this way 
because, except the third, they are all Newton’s maturest ideas;* 

It has been usual to cite Newton as having demonstrated the repulsive force of 
p«eous particles, but the following observatioiif; will bbow, that he did not at all consider 
it as proved. “ An viro Fluida Flastica ex particulis se mutuo ftigantibus constent. 
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and because by this course I should my.seli' as I have sfafe.l 

ot mauj K-spcaable individuals, hrom my piiucinle 1 
have ]iroceeded entirely l>y what appears to me to 
mathema leal induction. Tiie communication is/ tliereforf to 
be considered mathematical, and can hence be refuted oni; 
t.hovvin- that the principles are false, amono- uhich to fri,! 
every advantage to its opponents, I will reckon the po.tu!^ : 

inductions, or by showire.- that 
the u suits do not agree numerically with the piimnomena thev 
pio.ess to explain. To avoid metaphysical difficulties, the priiw 

0 p cs may be passed over by t he admission of a simple axiom ili 

IhIu fffie\ l.y correit reasoning 

f om false principles to bring .,ut true conclasions; and hence 

■inVl' e'',Tln/t' to the mathematics 

1 I, , : , • " '-‘^"ix chible cHoris of this kind, i shall 

1 e xir c ts ' 1‘«1H^ the testimonies m 

tin i xtiacts I have given in this letter, and the extent ofmv 

lleW- '' 'tn' ^ f in now publishing in tlm 

ill 1 h.i adiiiiUed asiiihcieiif, ])roof‘tIiat I have not Uioiicrlu 
hlthtly on the subject : and, therefore, I trust, the wori 1 wi] 
i> 'i.ceforward reipiire that, 1 shoul.l reply te, every one who 
c looses to publish liis undemonstrated ojiinicns. 

1 am, dear Sir, yours truly, 

•k ITf.rapath. 


Article Xllf. 

On the papelaal Reacral of l.easus. By ^i,. Adams. 

(To the Editor of the Aamds if Fhilosopin/.) 

' nrar Ph/f>witfh^ Juh^ 0 , 18 ‘ 2 ]. 

lilA er/'lir ami solution in the 

Anna/s of 1 /ti/osoplu/^ ulicn conveiueiit, Avii] obljo-e 

\ our humble servant, 

J am ks Adams, 

Prohkm.—A cojiyhoid estate depending upon three of the 
hesi lives that could he found is granted on condition .that the' 
lessee and Ins successors, whenever a life may drop, shall be 

inXlmf Fluidorum cx ejusiiiodi parti.-i.Hs onstantiuin 

X 2 
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allowed to replace it with the best they can find ; to determine 
the probable time betw^een each nomination. 

Solution , — The present value of 1/. payable every x years loi 

ever at e per cent, compound interest is equal to ^ 

(Baily on Interest and Annuities, p. / / .) The present value of 
all the renew’als for ever is equal to 3 1^, where A de- 

notes the value of an annuity of the lives proposed to be added. 
— (Baily on Life Annuities and Assurances, p. 174.) ^ 

Hence we have the following equation, viz. - = 3 


f_L — . = m, from whence (1 + c)* =: 1 + and per loga- 

^ I / (i M 

^ / (1 f e) 


ral theorem for the times between each nomination. • , 

^Since A, according to the tables given in vol. ii. Baily^s 
Annuities, may have five different values, a, in const‘(|uence, will 
vary accordingly, which values are selected and placed in the 
following table : 


VtOiere t>ic ta- 
bles are kept. 

N^umber of 
tablesi. 

1 4 per cent. | 5 })cr cent. 

Ages, j ,-,l' '\'alues ot 

, A- i 

Values of 

A. 

^ 

Values of 
X. 

France 

...... 

V 

XVI 

xxvn 

XLVIl 1 
XLIX 

9 1 19*022 1 18*4:F» 

0 1 18*725 j 17-605 

H 1 17*662 i 15*020 

10 ] 16*100 1 12*545 

10 j 16 882 j i:i‘4li 

16*21.8 

16*0.80 

1 5*226 
14*300 
14*607 

18*173 

17*476 

14-843 

12*456 

13*186 

Northampton.. 
Xjontion - - - - - * 

Deinoivrt* . , . . 

.Sun>....| 7T-0U) 

! ^Mean . . .} 15*408 

76-1.84 

1^*227 


Each of these means corresponds nearest to Table XXVil. 
Hence the probable time between each nomination, according to 
the above table, is abeut 15 years. 

By the Carlisle Tables, as^ given in Mr. Milners Annuities, the 
value of A at 4 per cent, is 19'792 years, and at 6 per cent. 
16*795 the corresponding age being seven years; from wiience 
the value of x, according to the former, is 20*8G5G years ; and, 
according to the latter, 20*6852. 
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Article XIV. 

Outhi’ Means of distinguishing he tween Freshwater and Marine 

Shells^ indepcndentlj/ of the Animal Inhabitant . By G. B. 

Sowerby, FLS. 

(To the Editor of the Annals of Philosophic) 

SIR, 

I H A \ L been lately under the necessity of asserting the fresh- 
Avater nature ol many ol‘ tlie shells found in a fossil state in a 
stratum, which has l,een described by Mr. Webster (I believe, 
the only person wlio has spoken decidedly al)Out it) as wholly 
marine, i am not aware of how much consequence the question 
iiia\ dt . eined in a geological j)oint of view; but it does appear 
to ]>e of some consequence that facts should be A'iewed as they 
really exist, and absolutely necessary that they should be so 
viewed l)e{ore we can lio])e to arrivci at certainty in our conclu- 
sions. 1 may, therelortn perfia in an acceptable service to science 
in general, and to Ce(»l(»gical Science in ])articular, if! endeavour 
to point out senne of the means by which these two Classes of 
Freshvvaier and iMarine shells may be distinguished from each 
other, the sulqect is important; for it is by knowing the nature 
of the fossil shells contained in a stratum that we are enabled to 
decide upon the nature of the stratum itself; and it is also diffi- 
cult : for il we dismiss the animal inlialhtant and the Generic 
Character< Jie shells tliemselves, there will remain scarcely 
any geiHM'al character, or circumstance, upon wliich to decide; 
but it will be recollecti'd that tlie student in (ieology is always 
under the necessity of deciding without the animal, and, fre- 
quent ly, he must decide without liaving enough of the Generic 
Characters. It may bt' said, t[iat having ascertained the nature 
of some ol tlie sliells contained in a st ratum, he may conclude by 
a sort of natural induction, that ihi) remaining species belong to 
the same ('lass ; but if lie atteuqit to do this, he will soon find 
himself in error, for I have lately sliown that there exists a bed 
in which shells decidedly freshwater are mixed with others as 
decidedly rnai ine ; and l)e Ferussac appears to have made a 
similar observation, if f understand rig'htly the following passage 
from a letter received lately from him: Les echantillons qneje 
coniiois me font penser qn’il existe une couche de melange, ou 
VOS Cyclades, h^s Melanopsides et des Paludines se trouvent 
avec des Coquilles marines, entr’ autres des Ceriles etd^s Huitres.’’ 

Some have thought the comparative thickness of the shelly 
matter might serve as a general distinguishing mark, (Webster 
in Iransac. of Geolog. Soc. vol. ii. p. 21 1, where, speaking of the 
Low^r FVeshwater Formation, he says, On a careful ex'ami- 
nation, 1 was not able to discover any mixture of marine shells 
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in this series of beds. Had they ever existed^ I think their 
remains would have been evident, considering* how rruich thicker 
and stronger marine shells in general are tlian those of fresh- 
water.’') This is quite a mistake. Marine shells are not gene- 
rally thicker in their substance than fresliwater shells ; it is true 
that many of the marine shells are Aery tliick, and comparatively 
mucii thicker than a great many IVesh water shells ; but tlierg oii 
the contrary, a great number of the i’resliwater shells are also 
very tliick, and comparatively much tliicker than many marine 
shells, and some oi’ ilie marine shells are decidedly aniong the 
most deiicati* and linn ; and we shall find this at best Imt a 
variable eharactc], greatly de{>endent iqum accidental circum- 
stances, such as age, disease, situation among rocks, &c. and 
the sarca* sjua ies is sometimes vt-rv thin, at otliers, verv thick. 
Many siiells which are thin in their young state increase lii thiek- 
riess iiV ago; ; disease is alsd tin* (uuise r/1 extraordinary lliickness 
ill sor'!C cases ; and I est.acec>us Molhisca irfur// liA e in the rocky 
lieds ot rapid cunimts are obliged to ae('< mmiodate themselves 
to circumstaDces, aiul thicken their shell accordingly. 

I lie (upiderniis, or, at least, the sort ot epidernns \Adiich gene- 
rally coats lit slnvn ter shells, appears to be a chaiacti r deserv'ing 
of some consideration ; but tliough I beliei e alHreshwater shells 
have an epidermi^, yet I do not think it is always the same sort 
of epidermis : that is, it a]>})ears to vary in thickness as the slndl 
it coats varies; the thin and more delicate ^liells, such as the 
Limnei, having a thin, nearly transparent ejiidermis ; wliile the 
thicker shells, such as the I niones, ha\'e a thick and vdmost 
black epidermis, (^erdogists, howm i*r, seldom 1 it in tluur 
power to observe the epidermis in tbssils, though this is some- 
times the case: an instance is upon rrcoid winch I must In^re 
mention. Bronguiurt says : On Irouvi* encore ee ]h)tamide* 
dans le lor(*t de Alontmoreney an rlessus de St. Leu; d y a con- 
serve son test et ia couleur liruu roussatre (jiri appartient gene- 
ralcuient anx cotpulles thniutdes. ’ i\ow tins colour does nut 

r 

♦ I cannot avoid noticing the fact, that Mr. M'cbstor lias char^aal I.aniarck with hav- 
ing instituted a Genus, founding its di,stiitctions not on any difference in its form, but on 
the difftTerice of the v/ater in which it had lived. 31 r. W'.'s own words arc to be seen 
in Geol. Trans. voL ii. p. second note. TIic trutfi. iiowcvur, is, that tJie Genus ib 
founded hy lirongniart, a.nd nothy Lamarck, lirongniartts words are: Nouspropo- 
sons d’tgablie cc Genre qui est fondc pliitdt sur tes iialutudi s dt s ouimaux (/u*if renferme^ 
qiu mr I iruporianct' di s caructcres exU rienrs ; il ditfere, cn eff'et, tres pen dc.s ('crites; 
mais on rernanpiera que dans le Genre dcs Gerites, eUibli par liruguicre, il y en a qui 
sent habitante-s on des inarais voisins de lu mer, ou dcs eaux sauin;itres de rembouchurc 
des iieuves; or celles de ces especcs que nous avons viic,s out les caracteres que nou.s 
attribuons an Genre Potiuiiide, aussi avoient elles etc toutes place dans la division du. 
Genre Ccritc qfii a pour caractcre distinctif un cttnal droit cl ires court,*' 

I might very reasonably insist iqion the superior importance of characters drawn from 
pie form and liabits of the animal inhabitants of shells ; yet it will apj>€ar that this Genus 
is not founded JiwjreJy upon tlie supposed fact of its having inhabited freshw'ater, since 
we see that it possesses some particular external marks of distinction, marks which cha- 
racterize all those shells found in situations which may from analogy be 8upjK)sed to 
memble that in which tltis fossil occurs. 
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belong to river shells when deprived of their epidermis ; these 
specimens consequently must have been covered by it, not that 
I mean to advance the presence or absence of an epidermis as a 
distinctive cliaracter between freshwater and marine shells • but 
.1 have good icasoii to lieliev’^e, that this pec'diar Ivind of epider** 
mis is not found on tlie marine C'erithia/* having never seen any 
on such as Iiave iiitherto come under my observation. Tiiis 
epidermis ap[)ears to be quite necessary to the Potaniidag and 
indeed to freshwater ^Indls in general, to enable them to resist the 
action of'tlie water; for we find that wherever, by any accident, 
or circumstance, this e|)i(lermis is worn off, or otherwise gone* 
the sliells are eroded, sometimes very deeply ; and tliis happens 
to those parts of the shells vvhicli have been for the lono-est 
space ol'time exposed to the aclion of the water, such as^he 
/o/?Ao;/rN of bivalves, and the point of the spire in turreted shells; 
and, which may ap|)ear singular, tin* water of (lie sea. does not 
secnii to |>ossess the same power of corroding those parts of sliells 

which, having lost theirepidermis, arc; thus exposed t'> its action 

if 1 may judge from a specimen of a liivalve shell now' before me 
winch has lost its e|)i(lerini.s at its /(///Im/ies and its most oroi|ii-- 
nent j>arts, and reniains othervvise unaltered. It is also^o be 
remarked, tliat this erosion takes ])lace ujion the more prominent 
parts, and the parts thatliave been longest ex jiosed to tlie actiott 
of tin*, w ater, not only in rivers, but in lakes, and that it is com- 
mon not only in the immense continental lakes, but m some of 
those of oiir own island : in tine, it is so common in shells that 
are certainly of a fresliwater nature, that I consider it as one of 
the })(ist cl.v* tors by wliieh tlngv maybe distinguished from 
marine; and particnlarly so, as 1 do not recollect any instance of 
such erosion in any shells that are decidedly marine! 'Fhere are, 
however, two accidents to which maiine shells are subject; the 
one IS, that of being grown over l)y an irregular crust of corailoi'd 
matter; tlu' other, tiiat of being jm reed by immense nuiltitudei^ 
of mmute vt-rmes ; liotli these accidents produce an appearance 
somewhat resembling the erosion illiove spoken of, but may be 

* v\lth()U£^h some of those univ.-ilves wiiich in tlic general contour of their shell* 

resemble the s})ecies of the (lecidcdly murine (ienus (k'rithium, e.re umloiibtedly the 
inhabitants of the mouths of rivers and situations wlierc, the fresh and salt Avater may- 
become mixed, it is not, therefore, to he suj)})osed, tliat all are; for there are 
instances of similar shells from the interior of Africa, and in some of tlte most rapid 
rivers far above the point of union between the salt and freshwater, 'Pheir presence, 
therefore, in a stratum, may be considered rather as an evidence of its freshwater than of 
its marme origin. In the Danube, at VVaitzen, in Ilimgary, a circumstunce that will 
appear still more extraordinary, there is a bivaUm so exactly similar in its Generic Cha*- 
racters to some of the common grooved 31ytili (of Lamarck ), that, from recollection, iti« 
impitssihle for me to mention any one in which it differs. 1 say I do not recollect any 
(reneric Character in which it differs from decidedly marine s})ecics ; hut I am never- 
theless persuaded, that if we knew its animal inhabitant, or hud opportunity of studying 
it in its native situation, we should soon find some discriminating character in the form, 
as w'ell as habits, of the animal, and probably also in the form of the shell ; nor have I 
the least doubt that this will prove to be the case as well in the Oerithioi'd sliells as in the 
bivalves, as we know it to be already in sucli as we have tlie means of observing. 
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easily distinguished from it, inasmuch as the one is a mere corro- 
sion similar to that produced by the action of acids ; while in the 
latter cases, the shell is irregularly beset with minute pores, or 
covered by a very minute madrepordid substance. 

It wdll be obvious, from what has been said above, that the 
erosion upon the points of univalves, and upon the iimbones oi 
l)ivalves, can never be considered as a distinguishing character 
of a Genus or Species, seeing that it exists in a p’eater or less 
degree in every Species and Genus of iresliwater shells. Conse- 
<juently the terms lanhones decor/ icatif nates dccorticati,^ 
and others which have the same im'aning, may always be struck 
out of the Generic and Specific Characters ot shells wherever 
they occur. 


Article XV. 


Proceedings of Philosophical Societies. 

WKRNKKIAN SOCIETY. 

March 10. — The Secretary read some, details by Mr. Treve- 
lyan regarding the History oi‘Craniology,from which it ap])cared, 
that this science is not so modern in its discovery as has been 
supposed. The whole, data were illustrated l)y eopious extracts 
from authors of considerable antiquity. Several ot‘ these seemed 
to have been acquainted with the most prominent d(»ct lines 
advanced on tlie subject. 

Mr. Trevelyan exhibited to th^ Society a plan ofthe Rocks at 
Bamborough Castle, and presented s})ecimens illustrative ol* their 
geognosy. 

A notice was r( ad from Dr. Knox, wlio liad latt'ly arrived from 
Africa, regarding a Cailfe Albino. 

Mr. John Deucliar ivael an account of three larg(' Ivoadst ones : 
these were probably the most {lowerful which liavc lieoii noticed. 
The largest carried a ^\ eight of ‘JOblbs. wlien in Mr. Deuchar's 
possession ; it now belongs to Dr. Hope, the J?rofessor of ( Jie- 
mistry. It is a singular circumstance connected with this mag- 
net, that its south po*le is at some elistance from the soutli 
extremity, and runs in a slanting direction, as 
represented by A B ; the mass C has no sen- 
sible magnetic power. This mass, he says, 
may be common ironstone, ironstone paste, or 
a distinct Joadstone ; but he rather su[)posed 
the la.st the most likely ; in which event, by 
removing C, the sum of magnetic power will 
be increased. 

Mr. Deucliar also read his third paper upon the Nature of Flame. 
In his former papers, he liad noticed the fact of the flame occa- 
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sionally passing through gunpowder without inflaming it ; he 
now traced the cause of that curious result. 

Marck'IA.—Tho Secretaiy read some Geological Observations 
made by Mr. Williams on 'the coast of l/abrador, and in New- 
foundland. 

He also read a paper, by Mr. Anderson, of Inverness, on the 
Geognosy of the Great Glen of Scotland ; and an account by Mr. 

Edmonston of a new species of Gull. 

Mr. Trevelyan read a notice of some remarkable Hail Storms. 
A Tartar book, belonging to Lord Hastings, was handed round 
the Society ; while some lemarks upon it were read by Mr. 

Burke. . c ^ i 

At this lutietinij^ wcu’c exhibited the specimen oi the Wdlrus 
sent bv Ca|)t. Parry from Barrow’s Strait, Tvhich was in excel- 
lent slate of preyiaration ; also the Tapir of Malacca, and the 

Juniilecock of India. , 

April 7. — On account of the funeral of the late Dr. (ircgory, 
Prolbssor of the Practice of Physic, the Society adjourned with- 


out iiroceediiig to business. 

Aju'i/ 14. — The reading of Proh^ssor Agardh’s paper on the 
Metamorphosis of Sea Idutels was commenced. i * A* 

A pa[)er on the (Jcography and lin Clines of the Island ot 

Banca. t t> 

Account of Meteorological Observations made by the Kev. 

Mr. aMacritchie in Perthshire. ^ ^ 

Mr. Trevelvan exhibited an Etcbing of a Fossil Iree, on which 


he made some observations. ^ 

A notice comiimnicatcd regarding tlie Plantings of the 

Duke of Athol in Perthshire. r i v i 

,Mr. Stevenson read a payier, g;iving an Account of the .Explo- 
sion of a Higli Pressure Steam-Boiler at Lochria Distillery, near 


Edinburgh. 

April 2i. — A Biographical Account of tlie late Dr. William 

M^rigiit. ' ‘ . . 

A narrative was read oi Dr. C. rjladoii s Descent iii a Diving 

Bell. , 

Tlie read mg' of Professor Agardh s paper on tiie Aletdinor- 


phosis of Algai was continued. ^ _ 

A communication from Dr. Ideming. was read, giving an 
Account of a remarkable Species ot Iricliia, found growing in 
a Solution of Succinate of Ammonia. 

Mill/ lb. —A paper was read by Dr. Knox on the Meteorology 
of the Southern Peninsula of Africa, and on the lemperature of 
the Northern Atlantic Ocean. From numerous observations, the 
author ascertained the medium temperature of ths soutbeni 
peninsula of Africa to be about 66° of Fahr. and thinks that this 
is applicable to that vast tract of country lying between latitudes 

28° and 34° S. and longitude 18° and 28° E. The author shows 
that the climate of the interior of Southern Africa, as it regards 
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moisture, is nearly the reverse of that prevailinsj in the Cape 
peninsula; the number of rainy days throuirhourthe year were 
/o ; lo only ot which occurred during the winter months The 
general direction of the winds NVV. or HE : and the annual table 
gives Ido days on whicli noitherlv winds prevailed ; 179 days of 
southerly winds; 21 westerly; anil 1 1 easterly. The latter winds 
are^often accompanied wuth a great mortality amon-j- horses 

Or. Knox next demoiistrates, that the climate of the Cape is 
not favourable for those of consumptive habits, though in other 
respects extremely salubrious. 

In the second part of the paper a table is given, showing the 

l«d'\(!t'n the latitudes of 
50^ and ^0- ‘24 N, and longifude 7^ 7' and 24° 27" W The 
teble and annexed observations continn the remarks of Perom 
Humboldt, and others, and establish, bevond all doubt, the 
remarkable equability of tempcaafiire observable in atmospheric 
air resting over the great ocean. To this quality m the air above, 
the author ascribes the advantages derived bv the phthisical in 
long^ voyages ; and the total inutility of sailing^dong a coast, or 

in the immediate vicinity of any land. 

• Finally-, iVoin observations made on that peculiar climate, call- 
ed by sailors “ Ihe llains,” compared with what he has seen 
in other countries. Dr. Knox is of opinion, that the doctrines 
regarding marsh miasmata, and their noxious eflhcts on the 
uiman frame, are problematical, and moriaiver unnecessarT in 
explaining those deleterious effects, which he thinks are ascrib- 
^ combination of lu at and moisture only. 

Ihe reading of Profbssor iXgardh’s paper, oil^he Metamor- 
j) losis o Alg<v!, w as concluded. It is inijiossible hv any abstract 
however copious, to do justice to this im|.ortaijt paper. The 
details are minute and interesting ; and the facts introduced in 
support of these are numerous and valuahle. It will soon appear 
in the Iransactions of tlie Society, which we understand it is in 
contemplation to publish quarterly, or half-yearly 
Mr. Falconer read ' " • ^ 


a notio.* regarding the Tulipa Ociihis Solis, 


and another beautiful flower, of which drawiiigs were exhi- 
bited. 

Mr. John Deuchar read a pajier, containing Observations on 
the Occasional Appearance of Water in the Cavities of regularly 
‘m tl'e porous Nature of Quartz, and other 

cp'stailme Substances, as the probable Cause of this Circum- 
u this paper he supposes that natural and artificial 
crystafs have a similar origin, and that although the former pos- 
Kess a peculiar compactness of cohesion and tardiness of solu- 
tion, which do not belong to the latter, yet that the artificial ones, 
trough length of time, would acquire a similar cohesion 
and insolubility. Mr. Deuchar holds, that the water of crystalli- 
sation m artificial crystals is in great excess, and that this excess, 
under certain circumstances, gradually decreases. He holds, that 
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the water escapes by capillary movement through the* pores of 
the salt till what he suj)pos(3d to be the neutral state be acquired, 
when the s'alt becomes compact and insoluble. When any mal- 
rormation of the nucleus produces a cavity or partial vacuum in 
the interior of a crystal, then the capillary attraction may be 
(^,xerted to tliat cavity as well as to the surface ; but that tins is 
modified by various accidental circumstances. By pouring hot 
water upon a crack in the mouth of a bottle, about three inches 
in length, it extended to five indies, but returned again when he 
stopped adding tlie hot water ; cracks in pieces of window glass 
were, also, extended hy pressure, and contracted again upon its 
removal : hence Mr. Deuchar concludes, that water may enter 
the void interstices of crystals, when aided by pressure, not only 
from the porous nature of their [larticles, but also from their tem- 
porary display of rents during the application of a high temper- 
ature.^^ 

The paper concludes w ilh a numlier of observations upon the 
porous nature of glass to water as well as light. This, he thinks, 
IS proved by tlie experiments with empty liottles, well closed at 
the mouth, which luive olhui bemi sunk in the ocean, and brought 
up full of water. In one, performed by Mr. Perkins, the cover- 
ings were taken off layer after layer, but no signs of moisture 
were visible ; yet the lioltle was full of water. In one experi- 
ment, by Mr. (irant, an empty botth' secured with a cork, wax, 
lavers of oil clotli, iSic. came up full of salt -water ; and in another 
experinu nt, a bottle with frt'sh water, similarly secured, came 
u[) filled with salt wall r : in both the layers of oilcloth, Sic.were 
dry, and tln^ eofk, wlien cut across, presented no change. 


Article %XVI. 

% 

sciLN'riric 1 N TEULu; i: N t i:, and notices of subjects 
coNNEcii:!) \frni science. 

1. on obtdined hy Dht illation from the Hop. 

(To tlic Editor of the Jlnnah of Vhilosophi^.) 

SIR, Sept.n, 1821. 

In Dr, Ives’s coninuinication on tlie Properties of the common Hojp 
{Annals of Philosophy for March), 1 was surprised to observe it 
asserted, “ that no essential oil can be obtained by distillation in any 
portion of the hop,” having, in the course of experiment, obtained a 
considerable quantity ; the only difference being in the quantity of hops 
submitted to distillation, six or ten pounds, instead of as many ounces, 
in the case of Dr. Ives. 

lu the kiln-drying of hops for sale, a portion of the essential oil is 
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dissipated in vapour. It is, therefore, advisable to procure hops recently 
picked, at the present season of the year (before they are placed on the 
kiln) when, by distillation from ten pounds (with ten , gallons of 
water) placing in the receiver or separator, a saturated solution of alum, 
the essential oil will saturate. 1 am. Sir, 

\our obedient servant, 

J. T, S. 

II. Processor cxlracthig Cinchoninfrom Cinchona. 

The following process is given by M. Badolier (Ann. de Chimie et 

be of yellow bark, bruised, is to 

be boiled in three pints ol a very dilute solution of caustic potash (can 
akalue par la pot as, e camiuiue). After the ebullition has continued 
tbro^mr c " ‘“i‘ \ hesuftered to cool, and strained 

-.-..coiy 

The cinchona thus washed is to be sligluly heated in a siiHieiei.' 

sSl ' muriatie acid until litmus paper is 

slightly reddened, and stirring the mixture. When the liouor is’ near 

Sen ^‘Vr ‘ iothoim .strongly pre.s.sed ; 

tiltn add to the strained liquor while it is hot. an ounee of .sulphate of 

Te^xcess ’ wT, h ‘'l‘; "'">1^' " »!> caustic potash, ’.slightlv 

the liquor is cold, the jirecipitate is to be colh eled 

hv VW ’ prir ‘‘“‘‘/''cii treated with alcohol, as directed 

^ V f’**^*^ ,^ “''t‘»tou, in order to obtain tlie cinclionin. 

Xch riem ta if t ■ of cinclionin areobtained, 

winch, when washed with a little water, are of a very fine white colour! 

III. Analijus the Sulphates of Cim hoji^i. 

M. Robiquet has analyzed three sul|ihafc.s of cinehonia in the fol- 
lowing manner, and with the annexeii results, liinial ‘ uautitf of 
^ch of the sulphate.s which had been dried by the heat of a .s.dt wate- 

S^ftif rof "‘'r'*. ^ -lotion snnila,. 

effected with lieaT i * ' l ’T'f 'i tidded. 'J'his decomposition 
Lt ^ ^ ‘ attended wAih some peculiar characters 'I ht' 

Tn f TurS" at f f ' I ""'Y’' -^'oall oily drops .swim 

chon n coaf ’ate m i ' t" Yl' 1°"? continued. 'the cin- 

ciioriin coagulates, and unitc.s into laTge white masses, which are onaone 

In orikr t’o finhd’i 'tf "’'7 ‘‘e‘^«»*l>o*ition is coinplcTe! 

, to hni.sh the analysi.s, it remains only to filter the liouor to 
separate It from the cinclionin, to wash the filter in ti e cn lY , 0 “ n n 

sXrr “r”' '• 

L.X4v‘;;l “O- ‘>^>1 

100 acidulous sulphate of ciuchoiiin, third crystalliaation : 
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Sulphuric acid 19*1 

. Cinchoiiin 63 '5 

82*6 


100 subsulphate of cinchonin, first crystallization : 


Sulphuric acid 1 1 ‘3 

Cinchonin 79*0 


90-3 

100 subsulphate of cinchonin, third crystallization : 


Sulphuric acid 10*0 

Cinchonin 80 9 


90*9 

( Annales de Chimie et de Physique, tom. xvii. p. 320.) 

IV. Purijication of inferior Bi'azil IXoods. 

Dr. Dingier observes, tliat the true Brazil wood being extremely 
scarce and dear, it may be interesting to state a method of substituting 
inferior kinds for it ; those enumerated are Bois de Bimas, Sainte- 
Marthe, d’Aniola, de Nicaragua, de Siam on de Sapan, &c. These 
woods contain fawn-coloured matter, which deteriorates the lustre of 
the red ; tliis inconvenience is remedied by the following process: The 
rasped woods are to be boiled in water until all their colouring matter 
is dissolved. Tlie decoction procured is to be evaporated until it equal 
to about 12 or lo times the weight of the wood employed. In about 
12 or ISliours aft'^r the evaporated liquor is cold, skim milk, equal in 
weight to half tile quantity of wood used, is to be added to it. When 
the'nhxture has been well stirred, it is to be boiled for a few minutes, 
and then strained through a fine piece of flannel. It will be then seen 
that the fawn colour will attach itself to tlie cheesy matter of the milk, 
and it is afterwards precipitated, without occasioning the slightest loss 
of the red colour. 

In order to employ the li(iuor thAs obtained in dyeing, it is to be 
merely mixed with a proper quantity of pure water ; but if it is to be 
used for printing calicoes, it mu^t be further evaporated ; so that one 
part of wood shall yield only five or six parts of decoction. To this is 
to be added some starch, or other substance, to thicken it properly, 
and a sufficient quantity of solution of tin, or some other base, to 
brighten its colours. Wlien printed, the colour is nearly or quite 
equal to that of the true Brazil wood. 

The quantity of skim milk employed must always be in^ proportion 
to the quantity of colour contained in the wood made use of; one-third, 
or a fourth, of their weight will be sufficient for young woods, as they 
are poor in colour. The evaporation must also be regulated by the 
same principle, when intended for printing, — (Annales de Chimie et de 
Pliysique.) 
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New Patents. 


{Oct 


Article XVII. 

NEW SCIENTIFIC BOOKS 

PflEPAUING FOR PCBLICAIIOX. 


The Stiuly of Medicine, comprising 
Practice, in hour Volumes, 8vo. By John 

‘'t' These vohunes, in 


hy-siology, PathoJosjy, and 

1 alason Good, MD, pUt^ 

addition to that lately published on XoToIogv!' and didicat^d ''hv ^ 
.a.ss.on, to the College of Physicians, wfli ^.on.pSr 
design; and constitute an entire body of Medical Science eauaih 
adapted to the use ol Lecturers, Practitioners, and Students ’ ^ ^ 

No. 1. i he Genera of recent and Fossil Shells, intended aVa .Manual 
for the Lse ot Students in Conchology and Geology, with illustruivc 
onginal Plates, by ,P Sowerby, PLS. .Vc. Ac. tiic cLcriptive Part ,1 
Observations by G, B. Sowerbv, FLS ^ 

Practical ObsciT-ation.s on Paralytic Affections, St Vitns^ Dance 
Ac. with Ca.ses, by W. T. Ward. > ’ >'ns iianci , 

JrsT mBLi^Hro. 

J Ctazd, comprising it.s Geography, Conimcrcc, Coloni- 

I"**“l>‘tants, Ac. P,v Janies Ilcnder.son Pto 
34 Pis. bth with Plates and Maps. otrson. Tto. 

Dyspepsia, or Indigestion ; with Observations on Hy- 
^chondriasis and Hysteria. Second Edition, enlarged by Jain'c>: 

tmdforde, MI). Castle Cary, Somerset . Crown .Svo. ,1’v. boards. 

Kk S '• «»■ |.l«n i 


Article XVIII. 

NEW PATE.NTS. 

Migh^ells V.anHeyThuyRen, of Chancery-lane, London for 
"method of propelling small vessels or boats' through water ’and 

light carriages over land.— July 23, l^i21. ai« r, .mo 

David Barclay, ot Broad-street, London, merchant, for a spiral lever 

r- *>• '■» »)■ • ie”!: 

Phomas Barker, of Oldham, Lancashire, and John Rawlinson H.arri< 
of Winchester-pIace, Southward, hat-manufacturers, for 'X' 

E“^f hals‘'7'‘'‘^r^ cleaning furs and wools, used in the nni- 
nuiacturt. ot hats, from kemps and hairs — July 

John Richard Barry, of the Mincries, London" for certain improve- 
ments on, apd additions to, wheeled carriages.— July 26. ^ 

mefb^rof Staffordshire, for a 

mtthod of forming and manufacturing vases, urns basins and other 
ornamerital articles^ which have been heretofore usually made of stone 
July 26.^’ ‘‘ co'Hlt'iiatiou of materials never heretofore used.— 
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Article XIX. 


METEOROLOGICAL TABLE. 




15 A ROM I T F.U . 

rflER MO METER. 



Hygr. at 


\m\. 

V\ ind. Max. 

IMin. 

3Iux. 

Min. 

Eva]). 

Rain. 

9 a.m. 


Sth Mon.' 








, 


Aug. 1: 

'2i 

s 

W 30-11 

29-94 

74 

52 

— 


94 


s 

W 30- 1 1 

30-10 

78 

50 

— 

11 

84 


ai 


K 30'l0|30-0.9 

7<) 

52 

— 


84 


4! 


S 30-10j30’()0 

78 

50 

45 


82 


5! 


S 30-0029-,90 

84 , 

53 

— 


74 

• 

()': 

N 

\V 2.9-.I).'/ '-’.Q'J/O 

73' 

52 

— 


83 

D 

7; 

N 

W 29-,99 2,9 k9 

74 

51 

— 

05 

77 


8S 

W 29'8,9!2,9-5.9 

()'()' 

50 

45 

36, 

94 


9N 

W 2.9-,5.9l29-5(i. 

70 

52 

— 

j 

84 


los 

W 29'()'5;2<)-56 

07 

52 

— 

1 

76 


1 1 N 
12'N 

\V oy.y 1 
W3()-0l 29-.91 

08 

71 

45 

49 

47 

09 

1 J 

73 

75 


la 

S 

W ,'K>00| 

29-82 

74 

57 

— 


81 

• 

14S 


W 2,9.971 

29*82 

()8 

48 

— 

16 



15! 


N* ...008i2.0-97 

74 

Oo 

— 


5)0 


]() 


W iso- 1, 5130-08 

70 

Ol 

45 


1 90 


17 

N 

W 30- 1 5 

30-05 

75 

, Oo 

— 


! B7 

i 

1 

IHN 

W 30- 19 

30-15 

73 

4O 

— 


1 92 

! 

19 


S 'SO- 21 

30- 19 

75 

: 45 

— 


1 85 

i 

20 


E '30-2 1 

30- 1 8 

! 79 1 

I 45 ' 

43 

! i 

5 79 

1 c 

21 


E 30- 1 8 

30' 1() 

83 'V 

i 51 , 

— 


82 j 

00 

N 

E 30 i 6 

30-08 

: 78 ' 

,53 

— 


96 I 

23 N 

E: 30-08 

29 93 

; 78 

54 

— 


80 ' 

94S 

E 29'98 

29*94 

; 83 

1 50 

51 

; 09 

88 1 

1>3 N 

W 30-00 

29-9B 

.S4 

55 

! 

91 ; 

26K 

E,30-l6' 

3000' 74 

54 

j 

— 

81 


^27 


E ,30- Hi 

3001 

0:5 

50 

1 

1 02 

79 

i'O 

28; 

E i3001 

2.9*84 60 

•52 

1 

j 

: 30 

80 


29 


E i29'84 

29*80 

(S5 

5O 


• 77 

j ' 

30 

S 

W 2.9-80 

2975 

77 

59 

— 

03 

j 

31 

.s 

W2.9-92 

2975 

1 75 

Oo 

43 

07 

i 

f 



'30- 21, 

29-36 

84 

45 

_3a9 

1 2-16 

■y6'— 74l 


The observations in each line of the table apply to a period of twenty-four hours, 
beginning at 9 A. M. on the day indicated in the iirst column. A dash denotes tjiat 
the result is included in the next following observation. 
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REMARKS. 


Eighth Month . — I . Fine. 2. 3lonung, fine : showery in the afternoon, 3, 4, 5, fi. Fine. 
7. Cloudy. S. Rainy. 9, 10. Fine. 11. Morning, fine: rain in the afternoon. 
12 13. Fine. 14* Rainy. 15 — 17, Cloudy. 18. The sky tins morning was 
obscured by a haze, through winch tlie sun appeared of a pale blue cnlour, resembling, 
in some degree, the fiame of sulpluir, or of a Bengal light. This phenomenon w’as 
observed in several distant places. 1 have been informed that it was noticed in Essex 
and \Torcestcrshire, and by many persons about Ivondon. 1 saw it in .Sussex, where it 
lasted from about nine till near noon, and apju*ared nearly of the colour of watch-spring 
steel, and was occasionally hid by ('irruxtrnti, which were floating about. It may be 
noticed, that the weather, which had been for some time unsettled, cleared up the 
next day, and continued fine and very w^arm for about a week. 19 — 25. Fine. 
26, 27. Cloudy. 2b. Rainy. 29. Ditto. .30. Fine. 31. Druzling rain. 


RESULT.S. 


Winds: N, I ; NE, 3; E, 6 ; 8E, 1 ; 8, 3; SW, 7 ; W, 2; NW, S. 


Barometer: Mean height 

For the month 

For the lunar period, ending the 20th 

For 13 days, ending the 1st (moon north) 

For 14 days, ending the 15th (moon south) 

For 13 days, ending the 28th (moon north) 

Thermometer: Mean height 

For the month 

For the lunar perifxl 

For S2 days, tlie sun in Leo 

Evaporation - 

Rain * • • • 

Mean of hygrometer 


29-97; I inches. 
29-943 

29- S05 
29*898 

30 - 0^1 


(\3'5fi4^ 

62*637 

62-828 

.3-19 in. 


2-16 


84 ^ 


Laboratory^ Straiford-i Ninth Month-^ 20, 1821 


R. HOWARD. 


ANNALS 


OF 


PHILOSOPHY. 


NOVEMBER, 1821 


Article I. 

()// E/crIri. ,vag/ie/tSR/. I;y Professor Oersted. 

{( oiiniiunicated hy the Aiitfior.) 

(A.) 77/e IJiston/ .j /ni/ /)rcci()us RcH'arrlics /»// /his Suftject. 

VVAiln { beuan t xaiiiiiie into the nature of electricity, [ 
conceivt'd the idea t’ t the propao'cition of' eh'etricity eunsisted 
in a ( oiUiimai d- suiietiuu and renewal of equilibriiua, and 
thus {h)>s('ssed ^reat activity which could onlv be explained 
by considering it as a uniform cinreiit.^^ 1 tlieii regaivled the 
traiisiiiissivui of' electricity as an electrical coiitlict, and my 
researclu s into the nature of the heat produced by the electrical 
discharge, particularly led to tlie conclusion, that, the tu o oppo- 
site. electrical forces, which [)erv\de a body iieated bv their 
ilfect, are so blended as to escape all observation, without 
however, having accpiired perfect ecpiilibriuin, j- so that tliey 
inigid still exlnbit great activity, althougli undei’ a form of actioli 
differing entirely IVoin that which mav be propcriv termed elec- 
trical. Notwithstanding iny efforts to justity iny idea, tins com- 
[)tele annihilation of junver indicated by the electrometer, accom- 
panied with very considerable action of another kind, ajijiea red 
to th(‘ greati‘r number of philosophers to |)Ossess but little |>roba- 
bility. dliis f'eeling may, perhaps, be ]»artly attributed to the 
obscurity of the subject, and ]rartlyalso to the imptnfect maimer 
m whlcli 1 explained my theory; for it must be coni'mss('d that 

* My treatise on this subject will be found in (iclilen’s .Journal ISUb, and the 
•Journal de i'bysi(|ue ol the same year. 

t See my Considerations on Natural Chcniical Laws. Berlin, LjH*, p. 13^—2^14. 

New Series, voL. n. y 
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new views arc rarely developed even to their authors with |)erfect 
clearness. A thorougli conviction of the agieeinent of niy 
theory with facts, inspired me, ne-vertlieless, with so strong a 
persuasion of its truth, that upon tliis basis 1 ventured to form 
my theory oi heat and light, and to attribute to these forces, 
apparently destroyed, a mdiating action ea[)able of jicnetrat- 
mg to the greatest distances. Having for a long time con- 
sidered^*^^ the powt'is which are develojied by electricity as the 
general powers ofnatun', it necessarily followed that 1 siiould 
derive nra^’Metic etiects from theiuef 

In order to jU'ove that I admitted this consequence to the 
ntmost -'Xteut, I cite the following passage from my Uesearches 
into the Identity of Ihectrical and Chemical Powers, printed at 
Paris ini S lo,‘' it must he determined whetherelectricity in its most 
latent state has any aetion u])on the magnet as such.’ ;{: 1 wrote 

this diiriiiy journey, so that 1 could not easily ])erloriii the 
e.\}>c‘riin(‘nls, besides which, the manner jof making tluuu was 
not at tliat, time- at all clear to me, all my attention being dn’e( ted 
to the de velo[)inent of a systtun oi elu nnstry. 1 still ri'memiier 
that 1 expeeli d, th.ough somewhat \ aguely, tlu- effect in (piestion, 
i|nd particularly hv tho dischara-e of a strong (declrieal liattery. 
and also that 1 did not hope to obtain more than a w a ak. nuig- 
netic cfiect. Thus I did not follow tlie idea wliieh I had con- 
ceived w ith llie requisite /eal, iuit tin* lectures winc h J dc lis cned 
iipou electricitv, galvanism, and maguetisin, during tlc: year 
1820, recalled it. Mv auditcuy consisted mostly of persons 
previously well acquainted with the scieiu'c. On this aecounl, 
these lectures and preparatory rtheetions, led na' on to 
(ileeper rs'searches than tliose which are admissihic in common 
lectures. 

My original persuasion of the identity otelectric and niagncOic 
powers were developed with greater elearn(‘ss , and 1 resolved to 
siibrmt my opinion to the test of ex|)erimcnt, and the pre])ara* 
tions for it w ere made on a d^y in the* (evening of wdiicli 1 liad to 
deliver a lecture. I there siiow’ed Caiitou's experiment on the 
influence; of chemical agency on the magn(;tic stale of iron. 1 
requested atteiition to the variations of tin* inaguet during a 
storm, a'ld 1 nu iitioned at the same time; the conjecture, that an 
electrical discharge might produce some effect u[)on the magne- 
tic needle placed out of the galvanic circuit. 1 immediately 
resolved to make the experiment. As 1 expected the greatest 
effect from a discharge ])rodacing ignition, 1 inserted at the 
place under winch the needle was situated, a, very tine platina 
wire between the connecting wires. Although the ettect was 
unquestionable, it ap[)eared to me nevertheless so confused that 

* .See the letter added to my (Jerman publication, Matericlcu muner ( hemie, &c. 
180.^i ; and also Researchei into the Identity of Electrical and Chemical Forces, p. 
127, Slc, 

t Jitter, p. 234—238. t I^etter, p. 238. 
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I deieired a nriiiute cxuaiinatioti of it to a period at which 1 
hoj)ed <br more leisure.-^ 

At thri l)eo;imiino; of tlie month oi' July, mv experiineiifs were 
repeated and continued witliout interruption Viutil 1 o])taine(^ the 
results which have been published. 

(11.) Expiaiiotiioi of the Jirsl of FA(.rtro-mapHefir Efecls. 

The eicctro-niagnetic etfbct whicli I discovercal by the aid of 
the galvanic apjjaratus, has since Ijeen jiroduced bv coiiunou 
electrieily, so that the exjiression o( electro-inagnetie ellect is 
perfectly justified by experiment. It is well-kinovn that fbr the 
first experiments on this subjec't we are indebted to M. Arago, 
wlio has been eipially suec(‘ssfiil in enriching i)f)th ])hvsies mid 
astronomy vvith his discoveii( s ; tlie illustrious leresident, (;f tln^ 
Ivoyai Society ol London lias also made an inijiortant smies of 
experiments on this suliject. 

shall lu'i e s t a.t(*, nithei mmx' in detail tlian 1 have (hmein my 
first piibiication. tin- nde by which 1 think all ('lectro-ieaanet il* 
elleets are governed. It is tiiis : W hen oppesile elect ricni noicers ^- 
niecl inidvr ei reumslnnees irfiirh <ffcr resislnnee^ iheif are sntijeclcd 
fo a neirjonu of action , and in this state then act njion the //a f netec 
needle nt such a maioier that positire eleetneitp repels the sonth^ 
and attracts the maih pole of the eontjniss ; and netdatire elee/rieit}/ 
repels the nnrth, and attracts the snath pole :'f hat the direr! ion 
f(dl(nred Id/ the elect rie(tl p<r(rers in this state is not a ridhi line 
hat a spiral ojie, tarnino; irom the lef t hand to the ripthL hfariv 
[diilusoplu rs, and some of tlimn of gn'at merit, haveVhought the 
spiral motion j)f ‘ ieetiieal powers to b^‘ improbable. 1 siiali 
endeavonr in the siapiel to show, that this sup])osillon is less 
arbitrary tlian it may appear to be at first; but to jirt^pare for 
this, it is necessary first to explain the meaning of this su[)posi- 
tKMi, and then to juawe that all t'lect ro-magm t n* |>h(‘n(aneiia. 
so completely harmuiii/t' with the rule given, that it will snfhce 
even to anlici|)ate thosi' aumng thcui w Inch \-rerenot know n l)efbre 
exjierimei.t. 1 liave not diseovei (sf so perfect an agreement w itli 
facts in any other tln ury which has been hitherto advanced. 

V\ lien I have sliow ii that the rule is (piite sufheient to eoniju'e- 
liend all the facts under one* jioint ol‘ view ; tliat is to savg that 
it IS a correct ruhy 1 shah ni\ ite tluj readi'rto exauune with 1X16^ 

* vVI! ii’v uu(lit<»rs arc wiliii'SSL's that I iDcntidncd tlu' rosult of liie (’X]>t:'riiri( nl 'H .'nrc- 
liaiul, a'lic discovery, tlicrolbrc. was ina made by accident, as taof. (Olijt-rt li;.s con- 
cluded from tile expressions whidi 1 made use of m my lirst announcemeni. 

•j* 1 here reju at wlmt I tiavc already stated in other works, tluu )>y (in fricu! ,0 /rrr, I 
iuean only the unknown cause of electrical })henomena, whether it belun^^ to imeerrep- 
tiblc matter or independent motion. * ' 

In my first memoir, I trrounded all explanations upon tlie repulsions only wliich 
are exerted liy electriciil iuul magnetic forces ; but I soon discovered, that fron: the fear of 
assuming more than the phenomena reijuired, I drew' an unjust infereitce; for if mag- 
netic forces are tlie same as electrical under another form of action, it ibllows. tiiat o; ])o- 
•'^ite forceti ought to attract each other reciprocally, and forces of the siUne kind to r* vtel 
4tach other. 
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whether it may not also he u law, according to whicli the pheno- 
mena are arranged in nature * It is extremely difficult, and 
especially for those who are not much accustomed to the repre- 
sentation of complicated figures, to understand the spiral quite 
clearly. Wliat I am going to state will be most readily under- 
stood in tbip following manner : 

I pon a slip of paper (Plate X), fig. 1, draw the line A B which 
is to be longitudinally divided into two equal parts ; draw some 
small triangles so tiuit the summits and tlie middle of the bases 
may be cut by the line. Put the sign -f at that end towards 
whicli the summits point, and the sign — at the end towards which 
the bases are placed. This piece of paper is to be tw isted round a 
(piill, a piece of glass tube, or any other cylindrical body, in such 
a manner that the triangles, reckoning from the summit to the base, 
shall be placed from the left to the" right hand of the observer. 
The cylinder enclosed in this manner I call the electro-magnetic 
indicator. With this indicator, that part of the connecting wire 
is compared vvliose efiect is to be judged of, by imagining it 
to be put in the place of the latter in such a position that tlie end 
uiarked + may receive the electricity oi the positive extremity 
of the galvanic apparatus, and the end marked — of the negative.^ 
This being done, it will always be found that the south pole of 
the suspended needle is repelled by negative electricity, for 
brevity's sake, we will designate positive electricity by -f E, 
and the ne^^ative by — E. But when these forces have assumed 
their new condition, in which they possess no action upon the 
electrometer, and affect the magnet, w e shall call them electro- 
magnetic forces, and denote, them by the Greek letter -f s and — e. 

It would be useless to repeat upon this occasion the descrip- 
tion of all the experiments mentioned in my Latin memoir; it 
will be sufficient to say, that with the assistance of the electro- 
magnetic indicator, all the efiects of the connecting wi re in the most 
dissimilar positions which 1 have described, may be anticipated ; I 
shall mention one example, a^it may make the subject (de'arer. 
Place a part of the coimectiiig wire perpendiculaiiy opposite tlie 
matrnetic needle, and let the upper part of the conductor receive 
the'^electncitv of the negative end of the galvanic a])paratus ; 
that part of ‘the needle,"' which receives tlie effect, will turn 
towards the east. A, fig. 2, represents the horizontal section of 
the conductor w’ith the signs above-mentioned to describe the 
direction of the electro-magnetic forces. B represents a mag- 
netic needle, whose north pole turns tow ards the connecting wire. 
C is another which presents its south pole to tlie ware. Both \yill 
be directed towards tlie east; the north pole by — £, wdiich 
comes from the west ; the south pole by 4* e, which comes also 
from the w est. It will be readily seen that the attraction caused 

* I had intended to develope this matter in the present ineinoir, but the desire of 
stating all I am able to »ay upon so difficult a subject with all possible clearness, has 
induccfl rne to defer it to a future opportunity. 
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by -f e upon the north pole, and by — £ upon the south pole, 
must increase the motion towards the east. 

If the conductor be placed opposite a point in the northern 
half of the needle, — e in n directed towards the east will not 
act upon the north pole of the needle ; while the contrary will 
be the case with — s in c directed towards the w'esi . It is true 
that the attraction of + £ in a will draw the needle towards the 
east ; but it wdll act upon a very weak magnetic- point, and, 
consequently, with but little power; the north pole will then go 
to the west. I do not reckon uj)on the advantage which the 
lever — f in c possesses over -f £ in a ; for it may be readily 
shown that this advantage is not necessary to produce the |>he- 
nomenon in question ; it requires only that a magnetic needle 
should l)e hxed perpendicularly to one of the ends of an arm of 
a torsion balance, and that it should be arranged with the 
vanic connecting wire. When the conductor is so placed that 
E represents a horizontal section of it, — £ in r will exert some 
attraction upon tlie south pole of the needle, but 4 - f in a 
repulses it witli greater force ; this end wall, therefore, tujn 
towards tlie east. 1 have already sliown by the effect of A 14)011 
C w'hat will ha])p('u when the conductor is opposite the south 
pole. It may also be readily foreseen, w’hat will happen when 
the conductor is placed on the western side of the needle p E 
witli respect to the needle F. Wlien the conductor is at D, — • 
of n will re[)cd the north pole, but -f ? of c will attract it with 
more ibrct*, the north pole will then turn towards the west, 
wliether the peipeudicular conductor be placed on the eastern 
or the western side. In the same manner, the south pole will 
in both cases turn towards the west, which will be readily 
ex[)lained bv referring: to the figure. 

if any one be desirous ot* seeing the contrary eft'ect of the twa^ 
sides of the coniiee.ting wire in a more direct manner, it is only 
requisite to give a moveable needl^tbe same maguelism at both 
ends. It is not that I consider this exj)eriment as necessarj^ 
after 80 many similar ones, but it may, perhaps, be very use- 
fill to represent the thing in the most simple manner iii an 
elementary lecture. Witli the same needle the experiment may 
be made with tlie connecting wire placed horizontally opposite 
the ends of the needle, and observe the movements from the top 
to the bottom, or the bottom to the top. In this w ay it is pos- 
sible to show^ in a muiinervery easy to be understood, tlie direc- 
tion of tlie electro-magnetic forces in the connecting wire ; it is 
also very easy to perform electro-magnetic experiments by the 
following arrangement: Let A B, hg.o, represent a small hollow 
cylinder, w Inch may be made of paper, and in this a very small 
cylinder of wood must be made to turn with but little friction, 
llie end 1) carries the needle S N, and the whole is fastened with 
a hair or a very fine metallic wire. When the effect of the con- 
necting wire has been tried upon N, it is only necessary to Inrn 
C D in the cylinder, so that N may be uppermost ; and then the 
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effect o< the other side of the needlemay he inuDediately tried. Itis 
also easy to place S N hori/ontally, and to tiy the attraction or 
repulsion exerted upon it by any ;i::;iven jrart ofthe connecting’ wire. 

Many ingenious attempts have been made to exj)iain (*lectro- 
magnetic ])]ien(nnena. The first which 1 am acquainted with is 
that of niy illustrious friend i^erzeliiis. This j)hilosopher sup- 
poses, that tlu' galvanic conductor possesses don})le transverse 
magnetism, so that a conductor in the form t>f a paralielopiped 
has a nortli magnetic poh* at one of its angles, and a soutli at 
the ollie’-. i,t‘t N S, IS S, fig. 4 re]»resent the ti’ansvevse seo 
tion oi' siK']) a eoiuluctor ])laced in the magnetic meridian, and 
recei\i!eg Hie current of eha-tjicitv^ from tiie [>ositive (uid ofthe 
pile in the direelion of south to north. The letters ?s .N denote 
the two north iioles ; th(' letters S S the two south p()les of the 
condm i r. 1 Ins tlumiv explains many ot'ihe j)h(*nomena satis- 
tactmiiy, and with surprising facility, as miglit naturally be 
ex[)ei tful in the hypothesis <4’ so distinguished a phiiosojuier, })ut 
it ago c'S IK vcrtluhess witli only a ]an1 of liie jilienomena. The 
('hs(. i vation w liiidi 1 lon e so iri;(|ucntlv had occasion to make m 
my e\]H'rim(‘nts, tiiat round c oialrtctcus act in so equalde a mari- 
ne’ HI ( ^■erv part oft’ie |)ej'ipherv, that no disliahution <4 poles is 
discoveialde in tln-m, excited some suspicions against this 
new iivj)Otli('si>, and a dire(‘.t experiment deeideii nn.* al)solnte]v 
against it. I'w ist a steel u ire round one halt ol'a si luare ('onductor, 
in sucit a manner that it mav coincide with tin; seiniperijdK'rv 
N h- o, or S N S, on winch side soever it mav he; accoi’ding to 
tin:' iU’P^4le sis, (Ins v,ir<- ought to liave either no magnetism at 
all, or ecpial jiole.s ;il the two ends; but it \\'in he f>und that thei 
win* nas alwaN's a north ])ole at that pfunt towards whiidi — e is 
diiv.'CUai, un i a south pole at. tlu* point to which -f £ is directed. 
Those (In’i'etiriin ^vill In* expluined in hg. 4. 

As in these ( Xiieiimenis verv tine wire only should lie us(al, a 
weak ino'iNe should also la* ‘ eupioved: a. small jiiect' ol the same 
iron wire iaslened to a bit rh' ra^v silk is extremely coin enient. 
In general, a steel v.ii’e mav be magnetized l)v j)lacing it across 
the coinluctor, althougii tiie latter 1)0 a paralh lopiped, round or- 
liat, mud the \sire mav occupy a greater small part ol'liu* peri- 
pliery ; the jiriint towards which — e turns always gains the. 
propc'rtv ed'iurniug towards the north, Wliat is also remarkahie 
is, that tile magnetic jxdc produced in the steel wire apjdied to 
the conductor, is ui' the same kind as the jiole of a neigiibouring 
magnet lepelU'd in th.e same direction. This proves also tiuit 
the conductor cannot be considered as a body which lias distin- 
guislialile |)ole.s on the surface ; for in this case the poles pro- 
iluced and repelled would be of the same deiioruirmtion. 

In order to answer the question, whether the wire attaclied to 
the surface oi the conductor might be considered as a ])art oi 
that surface, differing only from others in ir,s]>owerof retainingtiie 
magnetism cornmimicated, 1 ])ut a piece of line paper lietween 
the conductor and the steel wire : in other respects 1 performed 
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the experiment as bt'fore. I had tlie same result, with this differ- 
ence only, that the effect was rather weaker. 

When a h<j^ht magnetic needle is ))Iaced uj)on a large conduc- 
tor, through which a strong discharge is passed, its direction is 
almost entirely determined hy the electro-magnetic effect, and 
the magnetism of the earth causes l)ut a very sliglit direction. 
Let A B C D, tig. 4 />, represent tlie imge conductor, and supjiose 

— £ U) enter at A C, and + ? at B 1) ; tlie direction of the eiec- 
tro-magnetism may then be marked by the signs 4- £ — e. 
Place a magnetic needle S N projierly mounted above the 
conductor, and let us call the end ol‘it which turns towards the 
south pole .s, and that w liich turns towards the iionh n ; this 
being done, it will be found that tlie direction v ;/ will coincide 
watli tlie direction -f- £ — e. li’ the needle held alv\ays in the 
same horizontal plane be put towards one of the sides oi’ the 
condvK'tor, the north pole will be rt. pelied Inmi the sale A B, 
but attracted bv the side C .D, only much more I'eebly than before. 
The cause of tliis phenomenon is undoubtedly that every point in. 
that half of the needh^ which turns to tlie liDith is re[>elied Uy 

— e ( oming iVoui llie south, and attracted by + £ coi.uing from 
the north. lne\'erv jioiiit. of tin; ci^nductur, lliere is, therelbre, 
an effort to act magnetically in two different directions. 

M. Prechtel, of \ ienna, a distiiigui>he<l chemist, has succeeded 
in rejiresenting the plienoinena uf tlu: galvanic conductor by 
means of iron wire turiual into a spiral fufiin, whicli lie touches 
with the magnet in iho same muniu>r as if he \vere magnetising 
a cvlinder. This sjiiral tlius gams transvei^e |)i»les, but no sen- 
sible polaritv from one end to tlie other. ])V employing the 
requisite means, eacli coil ot'tin; spiial ha> more tiian two poles 
given to it, and it will tlnai produce the same effects as the con- 
necting w'irc upon the magiu tic needle. This experiment has 
led him to consider tlie connect ii>g‘ ware as a trans\ erse magnet, 
having a gri-at number of successi\‘ poles, w iiicJi are alternately 
north and south, it will be o]).served that we have arrived by 
different routes at opinions winch are almost entirely similar. 
I ju'efmy however, tio keep the name t)l“ electrti-magiietism for 
tlie slab! of the connecting wire; for in the tirst place, there is 
no distinct pule in such a conductor; and besides tins, the coii- 
tinrud jirodiiction of fresh electricity in tlu' galvanic apparatus 
requires that w e should suppose the eleclro-Miagnet isui to be coii- 
tiiuiaffy renew^ed. and an uninterrupted circulation of electrical 
forces in tlie conductor. In order that magnetism, properly so 
called, mav lie exhibited, it is iequi.'>ite tliat the circulation 
vsliould be interrupted, witiiont the contrary effects of the activity 
which existed in the conductor, being suspended. 
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(C.) Explanation of the Attractions and Repulsions which Gal- 
vanic Conductors excite among each other. 

As soon as I had suspended a small galvanic apparatus in the 
manner of the, torsion balance, I tried whether the connecting ^ - 
vanic wire would act upon that of the suspended apparatus ; ^ut 
on account of the too weak action and great weig o i 

ratus, I had no sensible elfect. The same thing has happened 
to several other philosophers who have tried the same piocess, 
as I have seen in several treatises published upon electro-magne- 
tism. iVi. Ampere selected a better process. He '"^de a 
moveable conductor which he communicatea with an apparatu. 
of considerable strength, and thus he succeeded in discovering 
the attractions and re{)ulsions of the galvanic condactoi . 
memoirs uiion electro-magnetism are already too well 
"r it nicessarv fur me"to say, that Ibis distinguished philoso- 
pher has evinced the same extraordinary sag-acity in the applica- 
tion oi’ the discovei V, as in his preceding la^boui-s, all ot which 
evince oreat penetration; and if 1 adopt a theory of magnetism 
differing from his, 1 shall never cease to acknowledge the great 

merit ot his labours. • 

Mv present apparatus for experiments upon the nmipiotal 

effects of the galvanic conductor, 

simple ; and 1 shall now describe it. A B C D E h , fig. o, is the 
moveable conductor, made of brass wire, of one-fouitli ot a line 
in diameter ; N C is a small wooden cylinder, to prevent as much 
as possible any alteration in the form given to the brass wire. 
The two points, o, p, move in two conical iron cups q and r, 
filled with mercury. In q, the point rests upon t^e bottom, and 
upon this, the wlilde of the conductor; in r, on the contrary, the 
point moves freelv in the mercury, d H and 1 K are brass wires 
Ihich support q and r. L M is a little bit of wood, in which these 
wires are inserted, and whicB, by means of a screw, are fastened 
to any support. When G and I are put into the reipiisi te com- 
munication with the conductors of the galvanic apparatus, the 
wire A B C D E F forms a part of the communicating wire, and 
arranges itself in the direction of the magnetic east and west, as 
was discovered by M. Ampdre, and may be subjected to the 
principal experiments upon the action whidi the connecting 
wires exhibit. But in order to render the effect imperceptible, 
which the conductors, designed only to convey electricity, pr^ 
duce upon the moveable conductor, it is requisite to make fi H 
and I K'a foot or more in length, and especially to prevent the 
conductors of the apparatus approaching the moveable conductor. 
It will be understood, that in more delicate expenments this 
apparatus may be inclosed in a glass case, provided only that the 
wires G H and 1 K are passed through it by means of a cork ; 
but for the greater number of experiments this precaution is not 
necesBary. 
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It is to the well-conducted researches of M. Ampere that we 
owe the law, that the conductors or parts of parallel conductors 
attract each other when theif both receive the electric current in the 
same direction, and repel each other when thei/ receive it in con- 
traru directions. He does not endeavour to derive this law from 
the nature of electric forces, but considers it as a law which ib 

independent of any laws already known. . 

I shall show that this law is necessarily derived from that 
which I have discovered. 

Let us regard the thing at first as if the effect of electricity 
upon the iiius^iietic needle hiid not been discovered. ca rac 
tions or repuTsions of conductors of which we see no trace, unless 
they are pervaded by electrical powers, can be attributed only 
to those powers, and they must have such a direction m the 
conductors as to enable them to produce the effects discovered. 

Let us consider the various modes of action which may be 
conceived, in order to discover that which agrees best with the 
circumstances demonstrated by experience. Fig. b represents 
the transverse sections of two conductors, which receive the 
current in the same direction. Neither of the electrical foices 
can be in any sensible excess, for such an excess wou d cause 
the conductors to repel each other mutually. The effects of the 
two forces cannot either, possess the same direction ; tor in this 
case, they would destroy each other. Still less can any inequa- 
lity be suspected in the states of the two conductors, because 
they are supposed to be equally, and in the same manner, per- 
vaded by the two forces. Thus the forces must leave each point 
of the surface in opposite directions ; consequently their direction 
cannot be in the lengthened radius, but each of the forces must 
follow the direction of one of the tangents opposite to the point 
from which they set out.pe, to the point C on the conductor A, 
— E will go tow ards I, while + E will go towards s. Let us call 
also in this place + E and - E',^vhich act transversely. + ^ and 
_ E in order to distinguish them from the forces in the longitu- 
dinal direction, as besides they agree absolutely with what we 
have before marked with these letters. . a 

If any one should adopt the improbable idea, f'^t the forcea 
leave each point in two opposite directions, which will be found 
on contrary sides between the tangent and the lengthened radius 
zs a b and a c, fig. 7, each would nevertheless resolve itself into 
two directions, one of which would he a d, and would 
no effect in consequence of the union of the two forces and the 
other wLld be for one force « c, and the other force aj, conse- 
quently the effect would depend upon direction in ajangent. 

1 have observed that this supposition is improbable, but it is 
very likely that the forces may act at the same time accusing 
to the tangent, and in every direction between the tangent 
the lengtfened radius, so that they may form pencils from 
the point p, 6g. 8, -1- . in the directions p q, p r, p s, i^c. ; - . 
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in the direction t, p u, p v, &c. but always so that -f e remains 
on oney ■— s on the other side of the lengthened radius. ‘ 

No one will readily believe that the effect of a force can pro- 
ceed from the surface under a different angle from the other, 
for suppose one to act in the direction of the long radius, and the 
other in another direction, that which would have the advantage 
of acting directly, would produce greater effect than the other, 
and the conductors would repel each other. It would be alinost 
the same as sup})osing that one Ibrce approached more in the 
direction of the lengthened radius than the other ; for this force 
would resol v(^ itself into two others, one longitudinal, and the other 
radial ; and the latter would be stronger than the radial effect of 
the other force. 

The only supposition then by which the electrical forces can 
produce the described effects is, that they proceed from every 
point ill such amanner thar the diTections of the opposite fVirces are 
separated by the lengthened radius. Butin order to show it clearly 
by a figure, let us represent only the directions according to the 
tangent, and those of some particular points, which may be 
e\*liibited as exaTn])les of what passes in others. Wlien we con- 
sider the effects which take place in the longitudinal directions, 
fig. 6, where the analogous points are marked by the same letters, 
it will be seen that the direction of — s of a nieels that of 4* s 
of r/. In the same manner -f ? ofc, and — s of c' meet each other. 
This meeting of opposite forces which ought to produce attraction, 
occurs also in most of the points of the two peripheries, that of c 
in relation to //, J' in relation to g. It is true tiiat**the [loints c 
and g, /‘and />, as well as the neighbouring points, repel each 
other ; but on account of the small number of active points and 
the oblique direction, tins effect must be much exceeded by the 
attracting efl’ect, 

fig. (i, represents the transverse section of a conductor, in 
which the directive effect of tl^electricity is opposed to that of 
A and of The points (l undd'^ repel eacli other on account 

of 4 f, and the p<)ints C and C" on account of — s. Besides this 
there exists also here repulsion betwef:n all the points vvliich are 
respectively in the same situation as the points which in the first 
case attract each other. The attracting effect which g and c,'' 
/ and produce, as well as of the neighbouring points, is here 
overcome by the repulsive forces, in the same way as in the pre- 
ceding case the re})ulsive effect, was overcome by the attracting]: 
forces> ^ 

Although fnese conclusions are expressed only as it is requi- 

* I have aljready givcai this explanation in a public lecture on .Tan. in this year. 
The fir»t Tuesday in every month I give a public lecture, in which I announce new 
<^)yerie« m they come to ray kn(»wl©dge. At the same time I demonstrate their rela- 

tion to tile system of our physical knowledge. It was in one of these lectures that I 
explained my opinion of the cauje of the attractions and repulsions of the connecting con- 
dttctor. 




for thr of' Philr^^'ophy- M' din/duw J/yidor/r. K‘ Joy, A’oi'. /'. /i 
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site to do when treating; of cylindripl conductors, tliey may 
nevertheless l)e readily applied to conductors of other forma; it 
appeared to me that the simplest representation should be pre- 
ferred. 

(D.) The Mo^udic Needle. 

As fresh electricity is continually evolvin'^ in the 'j^.ilvanic 
cniumn, the discharoe of it must he reo arded as a continual addi- 
ti„u and subtraction: The peculiar state of forces which exists 
in the connecting- wire, in which they act as elecli-o-magnetic 
forces, appears to me to be a stati- of continual /'"t 

in the magnet, the mode of action of the same foi'ccs difrcrs trom 
that of electro-magnetism, in their being almost entirely in a state 
of repose and forming no close circle. Mere we must altei 
l!,e denomination + r 'into that of + m, and the denomination 
- f into that of - nt. 'i'lie [lole of a magnet towards which + m 
d directed oiedit then to nrodiu-e the most marked etlect ot 
and the pole directed'opposite to - w, ought, m the same 
wav,’ to exhibit the strongest effect of - w, supposing always 
that the ev-ension and tim state of the condiicling property®, 
the coiidnetor oceasion no exception. are now speaking of 

the effect of encli point, and not of the greatest etleet ol the 
wimle half of a magnet, which I'vidently can take place only 
opposite the end. In a certaia sense it may l.e said that the 
imemet is, a hodv charged ivith electro-magnetism. 1 his manner 
of eon-;i(lc rill*’- t he magnet agrees with that generally admittec 
from the poii.^ at which we changed tin- expressions from + s 
e to of ^ ^ \MtllOllt. 

flirt I kt explimatif)n, 

»^ut it will he iiecrss'iry lo exp 
Nviiich prevent inv 

iniej'neti.^vn. It . * 

Iha't^the line which umtes the op;..usite imles of the magnet, is 
Mirroumled with electrical currents placed m planes perp.nidicu- 
lar to the axis, so that these currents, and not the longitiulma. 
n.eg-netie, distribution, arc the cause of magnetism. Acconbiig 
1o \ \\\< idee two neiehlitturiinr innveal)le nue^nets, wonld iiaxe a 
alenev to turn in such a manner, tbat their circular currents 
would a'ttruct cacli otlier. If then we place two magnets, one 
(,r wliich at least should lie moveable, one above the otliei nit i 
llieir axes parallO, it must happen that the moveable needle wiL 
tnni. until the opposite poles are placcl niuni each other. amt A 
jr-'d) (FI. X l ),rtM)resent transverse sections oi two nmwnei^piacea 
uiion each other in the same direction ; so that tints we see oni\ one 
oi the currents of each mae^net. The darts do not represent the 
circular movements ofthe forces in the condnetors (+ 5 and - s), 
but the direction of tlie current, such as it is osnally imagined to 
be (+ E and - E). The similar letters in the two circles repre-- 
send those places, m which the direction of the current is the 




am in this place the reasons 
adopting of Ampere’s ingenious theory ot 
IS well known that iliis philosoj)her supjioses 
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same. Now the parts which have opposite directions of the cur- 
rent approach each other flie most; and thus they will repel each 
other, until tlie needle has made half a turn, by which the cur- 
rents are placed in a situation in which they may have parts 
in equal directions opposite each other, which cannot take place, 
excepting when the opposite poles shall be placed one above the 
other. In every other parallel position of the axes, the same rela- 
tion occurs, as iiiav be sauslactorily conceived by imagining the 
circles A and to change their places in several ways. 

S N, fig. 10, represents a magnet constructed according to this 
idea, and tlie darts have the same meaning as in the preceding 
figure, and will retain their meaning m the sequel. The direction 
of -f E, or, according to M. Ampere, the direction of the electrical 
current, goes always to that side which turns towards us from 
bottom to top, as is indicated by the dart with a cross at the end, 
placed in the middle of the magnet S N. The right face of such 
a galvanic or electrical circle, always turns towards the north, 
the left side towards the south. S N thus representing a mag- 
net, the end ol the right side w ill endeavour to turn tow ai ds the 
north, or will he the north pole of thv, needle, and the end on 
the left hand will be the south pole. S' N', fig. 10, represents 
another needle like the former. When S', the south pole of this 
needle, is placed opposite N, the north pole of the needle, so 
that r/, />, c, (f of the latter are opposite a', //, r', (f, of the 
former, it will be readily observed that parts, the currents of 
which have the same direction, are op|)osite each otln r, and 
must reciprocally attracteach other, as occurs with opposite poles. 
If, on the contrary, S" N', fig. 10, be made to act upon S" N", so 
that N' and N" be op|)08ite eacli other, and c, /’, g, //, opposite 
the points g', //', opposite currents are |)iaced together, and 

repel each other, as w ould occur w ith poles of* similar descriptions. 

To this point the explanation is perfectly correct; but when 
the magnets S N and S' i\' are placed beside each other so that 
the end N of the first shall be beside the end S of the other, it 
will be conceived that the point a will be put in relation with c 
or a' with e, or d w ith //, or at last d' with //; in all these cases, 
these currents meet, and must repel each other. Thus the 
theory is not in this case in unison with tlie phenomena. As 
that has been said of the relation of N to S' may be applied to 
N^ and IS", the requisite changes being made. 

A true magnet acts in the same manner with respect to a 
magnet constructed according to this idea. Let S N, fig. 11, 
represent the latter, and S' N' the former; but let S N be fast- 
ened to one end of a thin metal plate, 1) C, provided in E 
with a centre, and suspended like a magnetic needle. It will in 
fact be found that N is attracted by all the points placed in the 
interior of the circle a', //, r', d\ but that it is repelled by all the 
points placed on the exterior of the circle, as ought to'happen 
according to the theory which I have proposed, but il does not 
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agree with the opinion, that S' N' should be considered as a mag- 
net. As there is not in this case any question as to the length 
of the axis of the magnet, in making the experiment it is only 
requisite to employ a wire curved like A B C D E F, fig. 12, 
which receives + s at A and — e at F. The moveable magnet 
S N may also be mounted in the manner shown in fig. 3, only it 
is necekary to observe that C D shouUl be so turned in the 
cylinder A B, that S N should be in a horizontal position. 

The experiment cited by M. Ampere as particularly favourable 
to bis theory, (hat a magnetic needle properly suspended is either 
totally attracted or repelled by the connecting wire in complete 
conformity with his theory, cannot be considered as contrary to 
mine, and has not moreover been so considered by M. Ampere, 
especially as he did not intend to criticise the iheory which I 
hail in few words proposed, and but very slightly explained ; but 
the explanation of this account will increase the facility of com- 
prehending that which 1 am here going to describe. 

A, fio-. 13, is a transverse section of an electro-magnetic con- 
ductor” B and C are two magnetic needles. It will be readily 
conceived that t: will be repelled, and B attracted ; lor - e in A 
will meet the north pole, and -t- e the south pole of ( - ; on th§ 
contrary -b e ol A will meet the north pole, and — s the south 
pole of B. This phenomenon is, therefore, a consequence which 
results with equal facility from both theories. 

One of the difficulties of M. Ampere’s theory is the explana- 
tion of the common manner of magnetizing steel, as has been 
already^ remarked by tlie celebrated Erman. It is unintelligible 
how by touching ijr rubbing the side of a steel wiie, a galvanic 
circle can be jilaced around the whole of the wire. As the theory 
here sanctioned differs from the common one only in the deriva- 
tion of the magnetism, and not in the idea which ought to be 
formed of the distribution of (he magnetic forces m the magnet, 
(he common theory may also be adopted. Unit which neither 
one theory nor the other can yet explain is the peciiliai power 
which some bodies, especially iroi>, nickel, and cobalt, possess 
of receiving a high degree of magnetism, while almost all others 
are susceptible of’it only in a very slight degree. 

1 shall not explain niore at leiigtli my objections against the 
theory of the celebrated Ampere. Ifl have perfectly understood 
it what 1 have already said will be sufficient. If I am deceived 
upon any point of his theory, 1 Hatter myself that I have givc-a 
him an opportunity of shedding new light upon this important 

matter. . , , 

(E.) Magnetism of the Earth. 

The daily course of the light of the sun round the earth pro- 
duces warmth, evaporation, and chemical agency, from the east 
to the west. From this also proceeds an alternation of the 
destruction and renovation of electrical equilibrium, and the 
effect of it must be similar to that of a galvanic circle applied. 


334 Frof. Oersted on Elect ro-magmt ism. [Nov. 

round the earth. It is true that this electrical effect will be weak 
at each point, but the great extent of the electrical surface will 
abundiuulv supply it. The length of the circle or electrical belt 
is that of tile periphery of the earth. The width ofthis belt extends 
nearly as far as the vicissitudes of night and day during a revolution 
of the earth. The width of this belt varies every day, since the 
diameter of the circle around the poles ol'tlie earth, during night 
or day, changes continually during several revolutions. For at 
66^ 32' from the equator, there is once a year 24 hours of day, 
and 24 hours of night ; at b‘7^ 18' fliere is a whole month of day 
light, and a montli in which the night continues without inter- 
ruption, ike. The mean width of this circle will extend hut 
little furtljer than the polar circle; for the violent changes which 
impede tlie rei^ular |)rogre$s of the weatlier, and consequently 
the regular eiha:tt)f solar influence, exert great coutroul in tlie 
countries near the poles. 

M. Ampere supj>oses that there is also an electro-magnetic 
effect round the eartli from the east to the wa st, but he is of 
opinion that it belongs proi)erly to the cunstructirm of the earth, 
although its revolution is not without some (diect ; he supposes also 
tliai there is no other magnetisni of the ( arth, Ix'.sides the imme- 
diate etfect of electro-magnetism. As to this last point, my 
(♦pinion also differs ffoin that of the Frencli philosopher. A body 
capable of becoming magnetic cannot 1)c surroundeai with an 
electrical current without receiving a magnetic charge. All 
bodies are susceptible of magnetism to a certain extent, although 
generally it is very slight when compared with iron. It tbllows 
then necessarily from tlie electrical cjrculation round the earth, 
that the earth itself becomes magnetic. 

Let fig. 14 represent a section of the tta restrial globe supported 
by its two jioles. Supjiose 4- F in tlu* electrical belt goes 
from the east to the west, and of course — fVoin west to east, 
— s upon the surface of the earth goes then towards the nortli, 
and -f c towards the soutli ; but tlu? contrary direction must take 
place at the interior side of this belt. Tlie globe 8 N 2 : here 
represented as a nucleus surrounded by the crust which contains 
the electro-magnetic belt, wall bec.ome m ignetic, and at u it vv ill 
possess the magnetic power wliich we find in that half of the 
inagnetic needle which turns towards the south. It is thus that 
the magnetic needle receives its direction by the magnetism (»f‘ 
the earlii, and by the electro-magnetism of the surface. If the 
magnetic nucleus derived its magnetism from the electro-mag- 
netism of the surface, its north ])ole would repel the same end 
of the needle that is attracted by the north side of the electro- 
magnetic belt ; but as the lower plane produces opposite mag- 
netism, the surface and the magnetic nucleus have the same 
effect with regard to the needle. 

Ihe intensity of action cannot be equal in the whole of the 
ekctro-magnetic belt of the earth, just as the effect of the sun is 
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not the same upon the eaith and the sea, and even differs accord- 
ing to the elev ation of the country above the level of the sea. It 
is even possible that the different conducting power of different 
parts of the globe, particularly of land and sea, may possess great 
influence. It appears then that the new discoveiies do not as 
yet furnish us with new facts sufficiently developed, to be useful* 
in mathematical researches upon the situation of' the magnetic 
poles of the earth. It is nevertheless to be wished that M. 
Hansteen, who has displayed so much solid learning in his 
researches into the magnetism of'our globe (undertaken when he 
could not have recourse to the electro-magnetic discoveries), 
would resume his labour with the means winch natural philoso- 
phy now offers. 1 shall confine myself to proposing some ideas 
to those who are willing to undertake a deeper examination of 
this subject. 

According to the manner in which magnetism is produced on 
tlie globe S •: TS the strongest magnetic tension ought to occur 
in a circle round the ends .s and Ji of the axis a //. We have 
hitherto supposed that the limits of the eiectro-magnetic belt 
were tlirougiiout equally distant from the poles of the earth. But 
there is reason to suppose tliat t he electro-magnetic effect of the 
sunis butweak in thcjse places vvliich are covered with ice andsnoV 
during a great jiart of the year. Jl is llien very likely that the 
electro-.niagnetjc belt is very nearly parallel wath the isothermal 
line of 'Hie form of the electro-magnetic belt determines 
also llie Ibnii of the cur\e in wliich the greatest intensity of 
magnetism occurs round the poles of the globe s z n z. But the 
points ol' this line which are nearest to us would act most 
strongly ujioM our magnetic needles, and W'ouid appear as mag- 
netic poles. 

It must be confessed that in these conclusions w'e cannot 
aUvays sup[)Ort ourselves upon evident principles ; but i will, 
however, cite, as a remarkable confiniiation, that the two mag- 
netic poles, indicated by M. Ihuisteen, in the northern hemi- 
sphere are under the saiiie meridiiui as tlie celebrated Humboldt, 
(w'lio has rendered such great services to natural sciences), places 
tiie greatest concavity, that is to say, tlie greatest polar distance, 
from his isothermal line of (f. 1 likewise remember to have 

heard M. Hansteen remark, se\eral years since, that the mag- 
netic poles are distinguished by extreme cold. W' e are now speak- 
ing of tlie northern magnetic poles, as to the southern hemisphere^ 
we are in possession of too small a collection of facts to fix the 
isothermal line. 

The annual and daily variations of the magnetic needle are inti- 
mately connected with the relation of the earth to the stin, but they 
do not appear to depend upon any variation in the intensity of the 
magnetism of the interior of the earth, by tlie electro-magnetism 
which the sun produces ; for these variations do not occur upon 
different parts of our globe at the same time, in such a manner 
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as they must do, if the variation depended upon the increase or 
decrease of the magnetic powers of the poles. 

It is more probable that the electro-rnugnetic state of the sur- 
face of the earth determines these changes. Not having a suffi- 
cient number of observations upon this subject to found princi- 
ples upon, nor having sufficiently developed the principles of the 
electro-magnetism of the earth to be able to arrange the obser- 
vations which we possess, we ought to content ourselves at first, 
with indicating the acknowledged analogy which the diurnal and 
annual variations of the needle, with the periods of the day and 
seasons. 

I have framed and examined many hypotheses as to the cause 
of the variations of the needle without satisfying myself. The 
different direction which the electro-magnetic belt receives by 
the united action of tlie annual and diurnal motions of the earth, 
tlie yearly and daily variations which occur in the figure of the 
electro-magnetic belt, the discharges which may occur when the 
electro-magnetic effect is at its maximum, the iiuajiuditit's which 
are produced by the different effects of the sun upon the land and 
the sea, are considerations that have net yet given me sufficient 
agreement with the plienomena which luive been observed in 
different })arts of the earth. The freijuent and unforeseen varia- 
tions of the magnetic needle seem to depend u]n)ii electro-mag- 
netic discharges, of which we have not^at j)resent any experi- 
mental knowledge. Among such discharges 1 particularly 
reckon polar light, known by the name of aurora borealis. 1 do 
not, on thii» account, oppose the opinion of the celebrated Biot ; 
for I think it very probable that these discharges occur in certain 
clouds. Tempeks have also a well-known influence uj)on the 
magnetic needle, which no longer surprises us al’ter having found 
magnetism in every electrical discharge. It aj)pears to me also 
very probable that several discharges occur in tlie air, and, per- 
haps, even in the earth, without our perceiving them. Among 
other irregularities of the needle are lliose which embarrass 
persons who have geometrical ^operations to execute in the hot 
days of summer in the open air ; these seem to be owing to such 
imperceptible discharges. 1 hope that in future the magnetic 
needle will be used as a meteorological instrument. \Veak 
needles seem to be preferable for this purpose, because the 
directing power of the earth produces only a w^eak action upon 
them, while a neighbouring electrical discharge has a marked 
effect. This agrees perfectly witli the observations of Cassini, 
according to which a weak needle was subject to many irregula- 
rities, which he did not observe with a strongepone. But 1 would, 
above all, propose strong needles in meteorological researches, 
suspended, however, in such a manner that the magnetism of the 
earth may possess but little or no influence iiponit. In order, how- 
ever, to determine the direction of the discharges, it is requisite to 
have needles differently suspended. The mode of suspension vepre- 
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sented in lij’'. 3 is one o( the most important in this respect, as 
the niaeiu tism of th(‘ eartfi fins no iniiiience upon its position ; 
it is the bending of the wire alone froni which the needle is sus- 
[lended, which determines its direction. Another needle sus- 
pended in the same manner, but in a liorizontal position, would 
l)e of great utility. Cy similar means, it may, perhaps, be dis- 
covered liy subterranean geometry, whether the galvanic eftects 
in mines do not disturb the magnetic needles employed. 

In another memoir, I shall endeavour to show that the circular 
mo\ement of electrical forces in the conductor, which 1 have 
admitted as an hypotliesis, results from the nature of electrical 
forces ; and 1 sliall also (mdeavour to give a new explanation to 
tile nj)ini()n wliieli T e^xpressed several years since, upon the pro- 
<lueti<m of light and heat by the confiict of electrical forces. 


Article IL 

( b/ (he Black hnanicf obtained front Plafifta. 

]iv I\lr. ,1. Ih Charlton. 

(1\) thc,lvlitor of t.lie A/tna/s <jf Philosophi/.) 

SJiC 

In mv ('ommunicalion in the Antta/s for Sejit. I stated the 
<gr<ninds upon n lneli J concluded that in all cases the rose colour 
nn{>arted by gold to (maniels is owing, not to the oxide, as usually 
supposed, but to I lie regulus of' the metal; and that the oxide, 
wiuae employtd, is by tin* |)rocess of' firing reduced to the 
mt;tallic state. Another method of procuring gold in a state of 
line division lias since occurred to me ; viz. by separating it from 
an alloy in which it exists in small proportion. I therefore, 
dissolved a sliilliiig in nitric acid, and leaving ground with a 
little flux the gold which separated, m the form of a black 
|)owder, olitained, as liefore, a rose-coloured enamel. V itrifia- 
lion is not essential to tlie production of the rose colour; for 
having exposed a quantity of gruund dint in a crucible with a 
little gold to a long continued and intense heat (not less than 
110^ of Wedgwood’s pyrometer), 1 found the flint tinged 
thronglioiit of a delicate rose colour. 

In the same paper, I staled, that from the analogy between 
gold, silver, and platina, and from the easy reducibility of the 
latter, I was led to suppose it probable, that the black enamel 
obtained from platina owed its colour in like manner to the 
regulus, and not to the oxide. Mr. Cooper's process for obtain- 
ing the black enamel is to mix dilute muriate of jilatina with 
neutral nitrate of mercury, and to expose the precipitate to a 
lieat only sufficient to raise the calomel : the result is a black 
,\e?r Series, voi . ii. z 
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powder, which, according to him, is the protoxide of platina, 
Lntaining only 4-7 per cent, oxygen. This "}| 

with flux yields a beautiful black enamel ; and Mr. C . states t 
as a most singular tact, that tlie oxide, when thus mixed with 
flux, is not reducible by the stronge.st heat It appems so very 
improbable, that the mere circumstance ot being dittusi d in a 
vitrified flux should enable a substance so easily 
platina, to retain its oxygen at intense S' 

Lspicion, that the platina in the black enamel must ahccidy 
in the metallic state. My first step was to ascertain that oxid _ 
of platina, either alone or ground with flux, lost the same weig 
hi the heat of an eiiamelkr’s kiln (which I found to correspond 
with 6° or 7° of \Vedgwood’s pyrometer), that which 
alone appeared to have suflered no change, being still m flu 
form of a black powder. It was evidently then from this bhu k 
powder, whether oxide or regulus, that the colour o( the e.iame 
was derived. This substance, when exposed to strong heat, lost 
its blackness, and the platina resumed its usual metallic lustu , 
but this chaiure was acnaapanied h>) no loss o/ weig/it ; conse- 
.fluently the black powder was already in the metallic state, 
however unlike in appearance to platina in its usual lonn. 

I find that the oxysen is entirely expelled from platina at a heat 
below redness, but it is impossible to judge from the appearance 
of the substance, when the expulsion begins* or ends, t ence. 
therefore, Mr. Cooper's error may be accounted for, as 1 con- 
ceive that what he considered to be pure oxide, containing only 
4-7 per cent, of oxygen, was, in fact, a mixture of oxide and ol 

regulus. bi^ck iridium remaining after solution ol 

platina, which,’ according to Mr. Tennant, are in the metallic 
state, though friable and without lustre, are also capable ol 
imparting colour to enamel. The colour is a brow nisli-gi ecu, 

when iDUch flux is used. i isir, 

Your most obedient servant , 

J. P. CllAKLTON. 


I am uncertain whether the crystallization of metallic gold Iuin 
been hitherto observed or not : 1 beg leave, therefoi e, to cm um 
a few minute specimens; they were obtained by boiling nitric 
acid upon mercurv, which happened to hold a litt e gold m solu- 
tion; when the inercury was completely dissolved, long crystal 
lized filaments remained : tliey were much broken in extracting 
them from the matrass. 
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Article III. 

On fioetz Formations. By 'I'homas Weaver, Esq. MRIA. 
MRDS'. MWS. MGS. 

(Continued from p. 254.) 

Floktz. — Series II. 

1. Tlie Wcm/jcgcHt/i' of M. Freiesleben. 

Calcareous Conglomerate ami marly Sandstone.* 

M. I'liiiiESLEBEN hiis the merit of being the first who distin- 
guished this formation in Germany, most preceding writers 
having cither entirely overlooked, or given an imperfect account 
of it among the latter of whom may be reckoned Lehman, Ger- 
hard’, Ileiin, Slc.; while others have confounded it with the old 
red sandstone (rothe todtlie^ende), considering it as the upper- 
uiost bed of tliat foiuiation, e. g. M. ^^oigt, and indeed almost 
nil later geologists. 

The ^\''eissli^ge^Kle, as the first luember of a new series, lifee 
the rothe todthegeinle, the lirst ineinber of an older series, varies 
also iiiits eomjMisition and structure, accordingly as, in the course 
of its exleiii, it^^onies in contact with, and reposes upon forma- 
tions ol’an earlier era; upon the first/' Hoetz group, upon ti'ansi- 
tion, or up'Ui piiinary tracts. 

In Man^Jclii and San'^criianscii, its genei al clvaracter is that of 
a calcaretnis t'oDgloinerate, niarly sandstone, indurated sandy 
marl, indui atid slaty clay marl, or a fine grained, partly siliceous, 
sandstont-o The calcareous base is usually ot a yellowish or 
greyish cast, witli iron-shot spots and streaks, and occasional 
brownish-red layers. Numerous scales of white mica, and single 
grains oi white or dark coloured (juartz and iiinty slate, appear 
nicidentally in the fmer-grained varieties. The conglomerate^ 
itseii’ C'Uisists of grains of quartz, liornstonc, and flinty slate, of 
greyi.^h and blackisli colours, comiiacted by a slight marly 
cement, usually of a whitish cast, in wliich are lodged rounded 
and angular Ij ugmerits of compact and sandy mail. I he niaily^ 
sandstone contains sometimes spheroidal and ovoidal pieces oi 
compact hniestone, and sometinies thin layeis of bituiiiinous 
marl shale. 

Nearer toward tlie llariZj in StoUberg^ and tac adjacent dis- 
tricts, the more common appearance of tlie weissliegende is that 
of a siliceous conglomerate of larger or smaller grain ; the ingre- 
dients consisting oi rounded and angular pieces of hornstone, 

* It may not be useless to notice in this place an error of the engraver in the tabular 
arranffciiient of M. (rreenough’s Geological Map. The various sandstones, rarely 
calcareous; post, crowstone, ganister, pennant,” which thcTC occupy the lo^ 

Group No 17, ought to have been included in the circumflex of Group No. lo, namely, 
in the coal formation . 

z *2 
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flinty slate, lydianstone, clayslate, jasper, quartz, sandstone^ 
limestone, calcareous ironstone, and iron ochre, with mica, and 
iron pyrites ; not assembled all together in any one quarter, but 
(liflerently grouped indiflerent districts. 

In the forest of Thuringia, also, this formation is more nearly 
allied to a siliceous than to a calcareous conglomerate ; and at 
llnienau, it contains portions ofhornstone porphyry of a flesh or 
brownish-red colour ; while in the circle of Neustadt, the lowest 
portion of the coarse conglomerate being ironshot and coloured 
red, it has then a near resemblance to the rothe todtliegeiide ; 
which circumstance has no doubt partly led to the contbunding 
of the two formations togetlier. 

In Hesse, in the district of Kiegelsdorf, the weissliegcnde con- 
sists ol‘ a coarse calcareous conglomerate, a base of grey clay 
marl enveloping rounded pieces of quartz, micaslate, hornstone, 
clayslate, jasper, felspar, and slaty clay marl, with scales oi’ 
w'liite mica, single lamiiiie of calcareous spar, and more rarely 
rounded pieces of compact limestone. 

Generally speaking, the weissliegcnde, w hen partaking more 
of the character of marl than of sandstone, is more or less iron- 
shot, and coloured yellowish or brownish. 

To coniplete the distinctive characters of this formation, other 
minerals, occasionally entering into its composition, must also be 
noticed. Of these, calcareous spar is frequent% found in dis- 
seminated lamina', or colfected in round masses, wdiich are 
usually hollow and lined with crystals ; granular and fibrous 
gypsum, sometimes alternating w'ith it in thin layers, and specu- 
lar gypsum in lenticular portions. Heavy spar is more rare. 
Mica is generally distributed. Grains of mineral pitch are found 
in it immediately below the copper shale, in tlu^ Sangerliausen 
district. Streaks and layers of jutch coal and slate coal, nol 
exceeding hall’ an inch in thickness, and mineral charcoal in 
angular pieces, several inches in circumference, have occurred 
only in the Groscamsdorf district. 

In several tracts, the weis-slii gende is metalliferous for certain 
distances, the upper layers being impregnated, one or more 
inches in thickness, with metallic su])stances, printdpally ores of 
copper ; but ores of cobalt have also appeared, beside iron 
pyrites, galena, native bismuth, blende, and copper nickel. In 
these cases, the co[>per shale commonly proves barren, but 
in some places both are found rich in metal. 

The only instance of organic remain.s noticed in this f ormation 
is that of charaites, found near Riegelsdorf, at a depth of several 
fathoms belo,W' the copper shale. 

In many tracts, tlie weissliegende forms only a slight bed, but 
in some quarters it becomes considerable, e. g. in the Riegelsdorf 
district, where its thickness varies from 70 to 13() feet. 


The analogues of the weissliegende in England, are to be found 
in the calcareous conglomerates, or poppkstones, of Devon, and 
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of the Qiiantocks in Sometset,* * * § where they repose chiefly, if not 
entirely, on transition tracts ; in tlie calcareous and calcareo- 
magnesian conglornerates of the Mendips, being there frequently 
nietalliferous, producing gahuia, calamine, and iron ore • in those 
of' the vicinage of Bristol, t of the en virons of Tortvvorth, and of 
the southern Quarters of Monmouthshire and Glamorganshire ; 
in all of which tracts they repose on the first floetz series ; and 
sucli is also the general j)osition of this formation in the north of 
England,.]: 

2. Lower Limestone Formation of M\ Freieslehen , 

M agncsiau Limcst one Formal i on 

In Mansfeld, the lower portion of this formation is constant in 
its ordt'r of j)Osition, where veu' the continuity is preserved; the 
marl shale reposing on the wei.sslicg(mde, and being covered by 
the zt‘chstein. But the members of the U])|)er portion, lyinn- 
above tlie zechstein, obsiTve no regular older of succession, 
being <generally disposed in a diflerent order in different districts ; 
sometimes also comprising one or more beds in one quarter, 
which are wanting in another. 

The wliole formalion is distinguished by the presence of 
gypsum, disseminated in tin* lower portion, but in mass in the 
upper. A second characteristic of this formation is its general 
tendency to a porous ter cavernous structure. And a third is to 
be found in its variable composition, as rc'sulting from different 
proportions of lime, almnine, silex, oxide of iron and Ihtumen, 
differently intermixi'd and combined. It mav also be remarked 
of this formation in gimeral, that its thickness is variable, not 
only as a whole, but as respecting its diflerent members. 

Lower Portion. 

Marl Shale, comprehofding Cojypcr Shale and Roof Shale , — 
The bituminous, bla('k or brown, marl shale, which, from its 
frequent metalliferous, and in particular its cupriferous character, 
has obtained the name of eopjwr shale, varies much in diflerent 
quarters, and (w en in the same district, according to the relative 

* See IVir. Horner’s paper inCet)I. Trans, vol. iii. p. JJ55, et seq. 

Hf- See the papers of Dr. Bright, Mr. Warburton, and Dr. Gilby, in Geol, Trans, 
vol. iv. p. ‘214. 

J 1 am not aware of beds or masses of trap, porphyry, or amygdaloid, being found 
as a formation subordinate to this conglomerate and sandstone. The nuisses, adduced 
as such in Devonshire, seem, on Uie contrary, to protrude from, iuid to belong to, tlie 
transition tracts of that country, e. g. near Thorverton. (See the Kev. J. J. C’onybeare 
on the Red Hock Marl, in the xittnuls o f Phil osojjhy, April 1821, andlUr. Greenough’s 
Geological Map). 

Js there any well authenticated instance of trap, porjihyry, or amygdaloid, occurring 
as a subordinate member of the second or third floetz series of formations ? 

§ We are indebted to Prof. Buckland for the first indication of the identity of the 
English magnesian limestone formation, and that which was denominated in Germany 
the first floetz limestone by M^erner. (Sec “Order of Superposition of Strata” 
appended to the “ Geology of England and Wales, by W. Phillips, MGS.” in 1818.) 
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proportion and intermixture of its eaithy constituents with bitu-^ 
men and metallic substances. In some places it passes even 
into bituminous clay marl. Its average thickness is from 10 to 
20 inches, while the roof or grct/ marl shale, which forms the 
upper part of the bed, varies from four to eight feet in thickness. 
The dip of the bed of marl shale is generally most rapid near tlie 
outcrop, gradually acquiring a lower angle at a greater depth ; 
but the position being very variable, it is found inclining nearly 
under all angles between the vertical and the horizontal. 

In several quarters, the copjier shale forms more beds than 
one. Thus, for example, in the forest of Thuringia, itocxurs in 
the territory of llenneberg in several thin layers, sometimes 
separate, sometiines coalescing ; and near Beiinowitz it forms 
thin beds, several feet apart, lying in the ferriferous liinestoiuq 
which there takes the })lace of zechslein, and is knovvii by the 
name of gryjihite limestone. 

The non-metallic substances wliich occasionally aiquar in liu^ 
copper shale, arc: quartzy sandstone, in elongated compressed 
mavsses, six or eight feet in length, and three or four inches 
thick; compact liinestoiie, in ienticuhir portions, or in layirs ; 
tibrous carbonate oflinie, in frequent extremely thin layers, and 
calcareous spar more rarely, in strings, and limnvg driesy eavities, 
which sometimes appear several inciies inextenl; fibions gy[)- 
sum, in repeated thin layers, and, more raielv, loliated gypsum 
in thin lainincB ; drusy quartz in small veins; mineral pit, eh, in a 
pure state, in layers several lines in thickness ; coijl, as the sub- 
stance oi'aniinal and vegetable remains, and forming also iameilar 
masses, one foot long, and one-fouriii to half' an inch in thick- 
ness ; mineral charcoal, very rarely, in piev:es eight or nine uiclies 
Ions:, and a half to one inch tlnck ; and mica, in disseminated 
minute scales. 

The principal metallic substances found m tlie copper shale, 
fire ores of copper with iron pyrites, eitlu r intimately mixed or 
in perceptible portions ; but beside these, blende, ores of cobalt 
and nickel, and galena, are also met with ; while antimony, bis- 
muth, arsenic, and native silver, are very rare. The ores are 
generally found in the form of thin layers, slight strings, in small 
nodules or grains, and disseminated ; sometimes also membra- 
nous, or specular. But the native silver and native copper 
occurred in the filiform, capillary, or membiaiious state. The 
copper shfde is extremely varialde as to produce of metal in 
diflerent parts of its course, being in some quarters not worth 
smelting, ^and in others altogether barren. In those parts that 
are sufficiently rich for metallurgic processes, the greatest thick- 
ness adapted to the furnace is nine or ten inches, and the smallest 
from two to five inches. 

Of animal remains, the following have been found in the 
copper shale : skeletons, referred in general by Baron Cuvier to 
the genus monitor ; of fishes, numerous impressions, skeletons 
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more rarely, and single teeth occasionally; fragments of zoo- 
phytes, near Schmerbach in Gotha; trilobites, designated by 
JBaron von Schlotheim as trilobites biturninosus, in the copper 
shale of Schmerlvach, and also in that of Riegelsdorf; shells 
very rarely, but small gryphites,* tellinites, striated terebratu- 
lites, amiiionites, and belemnites, have been observed, beside 
IVagments of other shells. 

Vegetable remains ‘are much more scarce in the copper shale, 
and less determinate ; such as impressions resembling lycopodia, 
ferns, leaves, ears of corn, the jointed stem of the bamboo, and 
seed vessels. 

The roof shale, or grei/ marl shale, appears sometimes cor- 
roded, or vesicular, resembling scoria, the cavities being empty, 
or coated with a calcareous sediment, or encrusted with crys- 
tals of carbonate of lime. In some quarters it contains fine 
sandy layers, resembling rauhstein ; in others, it approaches to 
t he (“hnracter of slatv swinestone, and in others to that of bitu- 
minous marl shale. Occasionally it contains also copper shale 
111 thin streaks ; fibrous gypsum, and calcareous spar, in layers, 
strings, and disseminated portions ; iron pyrites, in thin layers 
and string’s; and co])per ores, disseminated for short distances. 
11ie only Organic remains found in the roof shale are gryphites, 
recently met with near I lettstfidt. 

Zechsle'uK — A compact limestone, commonly thinly stratified, 
and more or less aro-illaceous, containing in Mansfeld about one- 
sixth |)art ()f alumine, and in l.ower Saxony one-lburth : extremely 
tenacious, whence its name oi ioaghsioue ; usually grey, but 
sometiiiu's approaching to black; and occasionally vesicular, the 
cavities l)('ing coated with a ferruginous deposit. In general 
external character, it much resembles that compact variety of 
shell limestone, wliich has a splmterv, even, or Hat conchoidal 
fracture .i It varies in thickness from 14 to 1 12 feet, and in 
some (|uarters forms abrupt rocky lulls ; the strata lieing some- 
times curiously inHect(‘d ; but in some parts of the forest qf 
Thuringia, it is wanting altogether, the ferriferous or gryphite 
limestone appearing in its stead. 

Occasional intermixed minerals : calcareous spar in scattered 
folia, in strings, and iinino* drusy cavities, and fibrous carbonate 
of lime in layers two or three inches thick ; gypsum, compact, 
granular, and specular, in nodules, or disseminated, and fibrous 
gypsum in layers and strings ; clay galls rarely ; quartz crystals 
with brown iron ochre, in nests and streaks ; and in the lower 
strata, particles of mica. 

Metallic substances : brown iron ore in thin layers or geodes ; 
clay ironstone, and black clay with disseminated iron pyrites, in 
nodules; and some copper ores, in disseminated grains. In 
Lower Saxony, also, galena, in nests and strings, beside traces 
of mineral pitch. 

* Gryphites aculeatiis. (See Petrefactcnhuiule of Raron von hchlothehu.) 

•h Lias limestone. 
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Organic Remains, — Of these, the zechstein is generally i'ree, 
containing them only in certain quarters. In Mansfeld, small 
terebratuhtes and g^ryphites have been observed ; in the forest of 
Thuringia, gryphites, but the principal depot of gryphites there 
lies in the ferriferous limestone at the eastern foot of the forest. 
In Sangerhausen and Bottendort', small terebratuhtes. In tSaal- 
feld, ammonites ; and in Lower Saxony, the lower strata contain 
entrochites in great number, and also serpulites and bivalves. 

Remark, — In those tracts occupied by the weissliegende, marl 
shale, and zechstein, may be observed all those varieties of posi- 
tion that are so common in coal holds ; inflections, trouglis, and 
saddles, with ibldings of the strata, arising cliiefly fr(»m the 
inequalities of the fundamental rock, but seemingly also in part 
from unequal pressure exerted in a lateral direction. I'o these 
are to be added alternate deprt'ssions and elevations of tlie strata, 
produced by slips or faults. 4 he faults are true v(*ins, usually 
occupied by calcareous spar, licavy spar, and qua it/, with miueial 
pitch, and ores of cop[)er, iron, colialt, nickf l, and eahuia ; some- 
times also tlu'y are tilled with a conglomerate, couqK'sed ol frag- 
inents of swinestone, zechstein, and shale, lliese veins peuetratv' 
occasionally below the weissliegende; very rarely, however, to 
any great (le|)th into the old red sandstoiu!. 

Most of these beds acaphre a greater thickness, in proportion 
to their increased descent into the earth. 

Ip per Portion. 

Rauhtrackc. — W'hen this appears, it r(,‘poses ahvavs on '/( ch- 
stein, varying from 21 inches to six, s(‘V{;n, ami more fathoms in 
thickness, it is a porous, siliceous, huu stono, jiartlv hitumiuous 
and cavernous ; the cavities in it sometimes occurring thr('(? or 
four fathoms in breadth and height, in tid, andof gr(,-at varietv 
of aspect and structure. Grey and black, of vurious shad(\s 
compact, or foliated granular, with dull spots and streaks; amyg- 
daloidal, with round grains of white carbonate of Jirne ; vesicular 
and scorioiis ; brecciated, with a sandy or compact bast^ ; also 
granular and oolitic. The foliated granular variety is sometimes 
yellowish-white, and passes into sparry iron ore, or into ferrife- 
rous limestone. 

Minerals occasionally intermixed : calcareous spar in grains, 
or in single folia; earthy and slaty aplirite, in large nests, in 
layers and strings, and disseminated; quartz in round portions, 
independent of the general diflhsion of siliceous matter, and also 
in crystals, in nests or layers of iron ochre and sparry iron ore ; 
brown iropstone, in lenticular nests or nodules; and, more 
rarely, iron pyrites in filamentous veins, or disseminated. ISfo 
petrifactions have been observed in it. 

Rauhstein is chiefly distinguished from rauhwacke by its 
greater simplicity of structure, and by containing only small 
drusy pores. Fetid, and efrervosces violently with acids. Grey, 
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with streaks of brown ; partly friable, partly solid, as compounded 
of rough sandy particles, or of crystalline ; texture, more or less 
distinctly slaty. Also brecciated; and ainygdaloidal with grains 
of carbonate of lime and quartz. Contains sometimes rounded 
and angular portions of marl, blue clay marl, and nodules of 
rauhvvacke ; besides aplirite in grains, membranes, or tlocculent. 
llauhst(iin commonly reposes on rauhwacke or zeclistein, being 
('overed by asche or swinestone; but it is sometimes found in 
single masses or layers, imbedded in rauhwacke or in asche, 
and also in l)lue clay marl with nodules ofVypsum. A consider- 
able proportion of the rauhkalk of the forest of Thuringia appears 
to be the same substance. 

Asclu% or earthy swinestone, seems in a great measure confined 
to Mansfeld and the adjoining parts of Tliuringia. It is com- 
[)Osed of fine sandy or pulverulent particles, which in its native 
seat are compacted to a (‘ertain degree ; but on exposure become 
friable, and fall into a fine dust on the slightest touch. Very 
i'etid, and etliuvesces violently with acids.’^' It passes on the 
oiu' hand into black clay marl, and on the oilier into sw inestone. 
.Minute dusty jiarlicles of mica and calcareous spar are usually 
intermixed with it; also siiots and streaks of iron ochre. ^ 
Aphrite, earthy, foliated, and slaty, occurs in it in large round 
masses, exceeding the head in size, or in numerous layers from 
one to six inclu s in thickness, also disseminated, ileds of clay 
marl, and tliin lavcas of quartz sand, ap|)ear also in it. Tlie 
ascln‘ commonly I’onns a bed, fr'nu three to ten feet thick, lying 
lietweeii rauhwacke. and swineslom?, but it is sometimes three, 
four, or eight fatlioins in thi<‘kness, yet then never pure. Souie- 
tinu's also it lies iietween zechst.ein and rauhwacke; and, more 
rarely, it appears in slight lieds, alternating with gypsum and 
swinestone. Wdieii covered by gypsum, it contains spheroidal 
masses iVoni one to one and a lialt foot in diameter, composed of 
concentric alternating layers of gypsum, swniiestoiie, raulisteiri, 
or asche, with disseniinated aphnte. It is free from petrifac- 
tions. 

Swinestone, — This substance occurs in different states : in 
pure strata ; as a conglomerai(^ ; or in union with gypsum. 
The last will be considta ed under llie head ol‘ gypsum. 

The stratified swinestone is louiid varying in thickness from 
three feet to 20 fathoms. Brownish-black, or bluish-grey, with 
black cloudy spots ; thin slaty, passing into compact, or imper- 
fectly foliated. Dendritic delineations are common in it. Stra- 
tification seldom permanently regular, being subject to undu- 
lated, or sudden angular, inflexions ; the strata sometimes 
forming also circular concentric groups. Contains incidentally 
nodular masses of drusy sandstone, and also cavities, a few 

• In cx)m position and general character, asche seems somewliat analogous to the roU 
iruatonc of Derbyshire. The geological |>osition of the latter, however, is very difTerent, 
being found in tlie first fioetz or curbonilerous liniestoue. 
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occur in the greatest variety as to form, magnitude, and connec- 
tion with each other ; but they all bear evidence of owing their 
origin to the continued action of subterranean currents of water. 
They usually form a connected series, exte nding several miles 
under the earth, and filled with water to a certain level, which 
either flow s off from stage to stage to low er cavej ns, or tinds an 
outlet at the surface, constituting in some places lakes, or pools 
of water. A remarkable connected chain of such caverns w as 
discovered near Wimnielburg, a few years since, by mining 
operations, at the depth of 50 fathoms from the surface, proceed- 
ing as far as explored 2100 feet upon the line of* range, but pro- 
bably to a much greater distance, if we may judge by the fractures 
and sinkings of the earth, which appear at the surface. The 
most spacious of these caverns are fjoni 100 to 125 feet wide, 
and from 70 to 84 feet high. 

These disruptions and sinkimgs of tlic strata, which mark tlu' 
course of the lower gypsum, difier much in size and form, resem- 
bling a crater or vertical hole w ith abrupt naked walls, a circular 
depression with slo|>ing sides, or a long drawn winding concavity 
in the form of a valley . Hollows of this description are found em])ty , 
* or filled with water, fresh or salt, and cojistantly or periodically 
so. On the other hand, the sinkings which accompany also the 
upper gy[)sum in the new' red sandstone formation, occujjy a more 
extended space, wdth easier slopes and gentle routlines ; the 
difference of which is to be found in the same action which ope- 
rated on both formations, having been in tlie one case direct, 
and in tlie other mediate. 

Salt springs usually accom}>any the eavernous gypsum ; and 
in that of Bottendorf, examples are not wanfing, altliough rar(‘, 
of the occurrence of rocksalt in it, in tlie f oi in of small massi\’t^ 
pieces, or in thin veins, extending to tlie breadth of two fingers. 

FfjHirahitts or Snhsl 1 1 nlcs . 

As equivalents or substitutes of tlie i)reeeding members of tin* 
limestone formation, may l)e remarked in some tracis, a cavei- 
nous limestone, and a f'errihuous limestone. 

The cavernous Ihnestone (Hbhlen-kalk) seems in general cha 
racter tobe most nearly related to rauhwacke, being also vesicu- 
lar, and distinguished in like manner by great fissures and 
dislocations of the strata. In the Hartz and tlie forest of Thurin- 
gia, it is known by the name ofrauh-^kalk, where, though of local 
occurrence, it extends over considerable districts, forming in 
some parts cliffs of* a grotesque appearance. In the former 
countiy^^ it is described by M. Jordan as a yellowish-grey, 
slightly fetid, limestone ; compact or granularly foliated, rough 
to tbe touch, with numerous cavities, partly occupied by calca- 
reous spar ; and free from organic remains. It prevails" in the 
southern and western parts of the Hartz, being in some parts 
from 14 to 24 fathoms thick, and containing numerous caverns. 


1821.] Mt\ Wem)er on Floetz Formations. 349 

celebrated for the remains of ex tinct species of the bear, and other 
quadrupeds, i'oimd in them. The Scharzleld cavern extends 
about 350 feed in Icun tli. 

The rauhkalk of the forest of Thuringia lies sometimes above 
swinestone. According to M. Ileim, it is found in two states ; 
as a loose friable marly earth/employed in manuring sandy soil; 
or as a grey compact rock, with intermingled calcareous spar, 
distributed in eveiy direction; and destitute of organic remains. 
It is tough and liiiu, and generally porous, cellular, or cavernous, 
containing cavities, from the size of the fist to that of the body 
of a man, which are mostly tilled vvitli dusty marl. This is its 
usual state. lint by M. von Ilotf, it is described rather as a 
crystalline granular limestone, more or less ])or()us and rifted, 
and grey, of every shade, ^but particularly yellowish-grey; con- 
taining frequently ochiy spots and ferruginous particles, and 
traversed by nimierous veins of calcareous spar of variable thick- 
ness, the lowest strata passing into swinestone. It sometimes 
contains pectinites and beautiful corallites.* The rauhkalk of 
tlie Forest frequently occurs in large shapeless masses, with- 
out tlie smallest trace of a stratified structure ; and when distinct 
strata, do a|)pear, they are often in great disorder from disrup- 
tions and sinkiniis of the earth, |>ioduced by the enormous 
fissures that ar(‘ so characteristic of^ tliat rock. Tliese fissures 
arc mostly vertical, and eitlier empty, or partially filled with 
stalactite or clay ; and bt ing occasionally expanded in their 
course, they form in some |)laces extensive caverns, some of 
winch contain bones. It is stated by M. Heim, that this lime- 
stone obtains in the forest of Thuringia a thickness of 70 to 120 
fathoms, and if the'sul)ordinate beds of the formation be also 
included, a tluckness of 200 tathoms. 

iiie rauhkalk of Leitnitz, near Blankenburg, is traversed in 
cverv direction l)V vc ins of lanuilar heavy spar, from 2 to 1() 
inches thick , and by sliubt strings of the saine substance, which 
ramify and disappear. It contains heavy sjiar also in the form 
of beds and layers, as w ell as in scattered portions, both massive 
and dissemiiuited. 

^’ear VVeyda, between Gera and Neustadt, the low est beds of 
file formation, which there repose immediately on greywacke 
and greywacke slate, consist of a siliceous drusy limestone, 
altenratiiig with tliin layers of sandy clay marl, and bearing nests 
and tiun Tayers of cojjper ores, w Inch form in tlie aggregate a 
thickness of six, or eignt, and sometimes even 30 inches. 

Ferriferous Limestone (Eisenkalk). — This is found more parti- 
cularly' at the southern, south-eastern, and eastern foot. of the 


• Baron von Schlotheim lias observed in the cavernous limestone, near Glucksbrunn 
and Ivicbenstein, keratophytes dubiiis, k. anceps, and eschairitis retiformis; also gry- 
phites aculeatUH, g. speluncarius, tcllinites dubius, mytilites ceratophagus, lu. striatus, 
terebratulites cristatus, t. j>elargonatus, t. suttiatus, t. elongatus, trochilites helicinus, 
encrinites ramosus, and trilobites problcmaticus. (See Petrelactenkundc.) 
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forest of Thuringia; while in the Hartz, it appears to be of rare 

occurrence. ... , 

According to M. Voigt, wlicn the limestone mass becomes 
less cavermTus and more ferriferous, it appears as a yellowish- 
brown, or brownish-grey, compact rock, firm and hard, or tendei 
and eartliy. It occujiies tlie place ©frauliwacke and swinestone, 
and it contains bods of swinestone, and sometimes also of bitu- 
minous marl shale , and being distinguished by mcidmital strata 
containing grviihites, M . A oigt has designated it by the name ol 
oruphitc liiiiestom:* On the other hand, M. Heim describes it, 
when porous, as rauhwacke, ditlhring only m respect ol the man- 
o'aiiese and iron contained in it, l luit variety called znihticmnly 
a calcareou.s ironstone, ajipears also to come under this head, 
beino- luar the surface \ellow, in the interior brown, and at a 
<Treater deptii black, afid passing in s«me parts into sparry non 
me. it conUhns numberless nests and strings of caleareous spar, 
and, in the %icinitv of veins, also nests and strings ofheavy spar. 
Ami near S^climalkalden, it appears to contain also purer Ireds ol 
ironstone, constituting there the lower part ol the fonnatioii. 
from 17 to dOfathoms thick, and lepusiiig iminediaiely on pninary 
rock. The calcareous ironstone is there connected with every 
varictv of brown ironstone, and, in the vicinity of veins, also with 
occasional nests of sparry iron ore, and lamellar heavy spar. 

According to M. von llotl’, the ferriferous limestone, when 
examined by the lens, is found to consist of small foliated grains 
.surrounded by an ochry earth, passing from yellow into dark- 
brown. It is characterized by numerous veins of calcareous 
spar sparry iron ore, and manganese, which last substance 
appears also in dendritic spots. At a greater depth, the colour 
becomes darker, the luedoniinance of iron greater, and at length 
a subordinate bed oi hrowu iro/niloiie appears, consisting ol every 
variety of this substance, together with sparry iron ore, inanga- 
uese, 'and lamellar heavy spar, occasionally interiuiagled with 
copper ores ; and thus constituted, the formation reposes on the 
fundamental rock. Distinct deposits of copper ores, accompa- 
nied with some manganese, appear also in the leriifeious lime- 
stone, particularly when reposing on granite. 

In the vicinity of Gera, the beds of swinestone, black linu - 
stone, and ferriferous limestone, w'hich occur there, contain 
crryphites, as well as those needle-like petrifactions, which were 
considered as their spines even by Walch. I lie leriiferous lime- 
stone contains also pectinites. ' 

Tlie relations of the hrowii irumloin- bed may be observed in a . 
distinct manner near Camsdorf, and in other parts of the Circle 
of Neustadt. At the former place, it constitutes a bed, from 


• The following organic remains have been observed by Baron von Bchlotheini in 
gryphite limestone: gryphitcs aculcatus, g. eymbium, g. gigas, probably belon^g to 
CTyphaa arcuata of Lamarh, torcbratuliu-* alatus, t. lacunosus. pectimtes textorius, 
tclUnices sanguinolarius. (Sec Betrefacteukunde.) 
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three feet to six fathoms thick, extending through the whole 
district, with occasional interruptions in spaces of (iO to 170 
fatlioins ; 'consisting of limestone intermixed with brown iron- 
stone, sparry iron ore, and lamellar heavy spar, and containing 
large drusy cavities, in winch the heavy spar sometimes appears 
in magnificent tabular crystals, one foot square. The bed reposes 
upon i>itnininous marl shale, and is commonly covered by abed 
composed of an intimate mixture of limestone and fine granular 
sparry iron ore, with drusy cavities, containing crystallized arra- 
gonite. But beneatli the bituminous marl shale, sometimes 
appears a second ironstone bed. 

An ironstone bed occurs also below bitmninous marl shale in 
thegryphite limestone, near Bennowitz, Kunigsee, and Blanken- 
burg. 

Tliese ironstone beds are sometimes accompanied by more or 
less consideral)le deposits of copper ores. 

The jiri'cediiig elistract will convey to the reader a general idea 
of tile relations of the lower limesteme formation of M. Freiesle- 
lien; lint to elueidate more fully the })eculianties displayed by 
that formation in ditferent tracts, the luilowing reniaiks are' 
subjoined. 

In the Ilvirt/, the copper shale is much richer in metal on the 
sontheni tlian on the nnitherii side of that country ; in the latter 
quarter lesi iuiiling rather a liad coal, in tin* forest of‘ Thuringia 
also it is metalliferous only in particular quarters ; while in others 
it forms several bmis, which, in some cases, exhibit a geological 
atiinitv, as it ^\en*, to the beds of coal which he not far 
lieiieath it. 

On tlie western and north-western side of the Haitz, the zech- 
stein forms, according to IM. Maussmann, considerable ranges, 
spreading far into l.ow c*r Saxony ; but at the south-western side 
it is partly accompanied, and partly replaced by raulikalk, whicli 
tliere alvvavs occiqiies tiui place of rduliwacke; and the same 
rock is w ideiy spread also over zechstein on the north-western 
side of the l lartz. 

In Biiegelsdurf, in Hesse, several thick beds of porous fetid 
limestone alternate with equally tiiick beds of reddish and bluish 
clay (the latter sometimes CAUitainiug gypsum), and with beds of 
compact gypsum and swinestone ; the whole reposing on zecli- 
stein. 

On the north-western side of the forest of Thuringia, the 
limestone formation reposes, partly on old red sandstone (rothe 
todtliegende), partly on granite or other primary rocks. In the 
former case, its stratification is pretty regular ; in the latter, it 
is irregular and interrupted, which is also the case on all the 
otlier sides of the forest, the formation frequently appearing tliere 
in detaclied and fractured portions. Tlie upper beds have the 
jiurer form of' compact limestone ; tin* lower consist rather of 
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sminestone^ among which, however, 

raiihkalk sometimes appears. When in contact with primary 
rocks, the lowest bed is composed of the caicareons ironstone, 
noticed abovel accompanied with sparry iron ore, and heavy 
spar, and sometimes also with ores of copper. On the other 
hand, at the eastern a«d south-eastern foot of the forest, the 
formation consists of the bituminous ferriferous limestone, with 
beds of swinestone and bituminous marl shale. 


M. Freiesleben, in tracing the lower limestone formation, ex- 
tends his views also into the sQutli of (rerniany, l.)alinafia, tin' 
Pyrenees, 8cc.; on which occasion he notices tlie opinion oi liarcm 
A. von liiunboldt, ‘^thal the zeclistein of Thuringia is coeval w'itl» 
the floetz limestone ot' tlie high Alps; '' and the representation 
of Baron von Bucli, t!iat tlie colossal calcareous cliain which 
forms the northern side of the Alps in Bavaria, Salzburg, Austna» 
and Stiria, belongs to the same era, containing within that tract 
the great deposit of gypsum and rocksah.”* 

The limestone formation of Upper Silesia, containing, near 
Taniowitz, galena, calamine, and ironstone, is also rel'errcd by 
* Baron von Buch to the same jieriorl/i' 


If we now turn to the English magnesiau limestone formation 
(which comprises also argillaceous and sandy limestone), as the 
equivalent of the German, just described, we may find several 
corresponding characters indicated in Mr. VVincifs account of 
Durham and Northumberland (Geol. Trans, vol. iv), and in Mr. 
Farey's Description of Derbyshire (vol. i). For the general dis- 
tribution of tliat formation (including tlie calcareous conglome- 
rate), reference may be had to Mr. Greenougirs Geological Map. 

3. C/a i/ and Sa/nhtone Formal ion of M, Frcirslidien . 

Second Floetz Sandstone Formation of Werner. 

New Red Sandstone Formation . 

This passes by various gradatiorrs into tlie lower limestone 
formation, and apparently also into the upper or shell limestone. 
It is widely distributed, filling up those great basins or concavi- 
ties that are enclosed by rocks of an earlier era, and appearing 
always to increase in thickness in proportion to its distance 
from the outcrop of the subjacent iimestoue formation. Its 
strata are found very differently di.spo.sed, and generally uncon- 
formable to the older formations; varying rapidly from the 
horkontal to the vertical position ; also imdulaled and forming 
troughs. In the forest of Thuringia, it acquires a thickness of 
1200 to 1500 feet, but in those parts of' Mansfeld which adjoin 

* But was reserved for Professor Buckkod to establish this jxisition in a clear 
light, as well as to solve other doubtful points affecting the same rcgitins. 

f Von Buch. Oeog. Beob. p. 104, and 108— 1L4 of vol. i. 
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the lower limestone formation, its thicktiess varies from 120 to 
420 /eet ; while at a greater distance, it has been found 800 feet 
thick. 

The formation appears under different circumstances in differ- 
ent districts. In a great part of the forest of Thuringia, it 
consists of uniform sandstone, beneath which is found a bed of 
clay with gypsum and rocksalt ; and above the sandstone occurs 
another bed of clay with interposed beds of marl, gypsum, rock- 
salt, and bituminous layers. M. IJeim states each of these beds 
of clay to be 2(}() feet thick. In Mansfeld, on the other hand, 
the Ibrmation consists of four princij)al members, variegafed clay 
or chuf iuarly saudsloney sla/t/ saiuhlortej and roestone, beside 
otlier beds incidental to it, which will be noticed hereafter. But 
the juincipal members may be said to l>e inseparable, for where 
one ocenvs, the others also are generally to be found ; and they 
pass bv insensible gradations into each other, being commonly 
disposed in moderately thick beds, in indetenninate order. Yet 
when one or tlie other member (particularly the sandstone or 
i lav ) ac(|uires an unusual thickness and predominates, the 
others are still not wholly wantiiig'. 

Vr i nc i pa I M cm hers . 

C/ay, — This, whether pure, or in the state of clay marl, is 
‘jenerally brownish-red, thin and ^traight slaty, glimmering, and 
tough, dis|)Osed in thin strata; or crumbly and unstratifted, in 
great thickness. Commonly mixed with minute scales of mica, 
\)Y with tine sand, passing into slaty sandstone ; and sometimes 
it appears as indurated clay or clayslone, with a ffat conchoidal 
fracture, of a brownish-red, greenish-grey, or mountain-green 
colour. With the thick beds of red clay, as also with those of 
the roestone and sandstone, there ficcjuently alternate thin 
iavers of grey, yellow, green, and bltiish clay. Idiese also pass 
into slaty 'sandstone and argillaceous sandstone, by an admixture 
cf mica "and sand. The clay is commonly more or less calca- 
reous, whatever its colour may be. No petrifactions have been 
found in it. 

This, which forms tlie most distinguislied and 
predominant member of the whole formation, consists of several' 
varieties, possessing an argillaceous, calcareous, ()r siliceous 
cement ; but principally of those whose cement is ot the nature 
of the first two; all of them, however, alternate with each other, 
and also in endless diversity with clay, slaty sandstone, rotistone, 
and calcareous beds. 

The argillaceons sandstone is white, yellow, or grey, b/ownisb- 
red, or variegated. The first three kinds are fit for the purposes 
«)f the architect and statuary, consisting, for the greater part, of 
tine or minute grains of quartz, of aii equal consistence, with an 
argillaceous cement, and some mica. Hence it has been called 

New Series, vol. u. 2 a 
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by some writers quadersandsteiii, or freestone.* The brownish- 
red, or reddish-browii variety is tender or friable, and liable 
to be affected by the ■vicissitudes of the atmosphere ; or it is 
firm and darker coloured, perfectly resembling some varieties of 
the rothe todtliegende. I'he variegated sandstone is found fine 
grained, tender, and friable ; also porous, or reddish-brown, with 
stripes of hair-brown, formed by grains of iron oxide, or of roe- 
stone ; sometimes also the cement is partly calcareous, and the 
stone full of small cavities, filled with crystals of calcareous spar. 
This varietv is connected with indurated sandy clay, containing 
nodules of inarl, the interior of which is usually occupied by 
druses of calcareous 8|>ar. 

I'hese varieties of argillaceous sandstone are characteri'/ed by 
their planes of* sejiaration being coated with grey, wliite, and 
black mica; and by containing r/ai/ galls; namely, round or 
angular portions of clay, or slaty clay, mixed with mica, and oi 
a grev, la d, brown, green, or yeilovv cohnir. Nodules of yellow 
earth sometimes accom|)any them, and ferruginous ])oints and 
circular sjiots an‘ frc'quent, besitle occasional layiu's composed oi 
grains (d ironstone, oi the sr/x of a lenld ; likewise ga odes and 
♦ balls of ironstone, and similar concretions of mica, indurati'd 
iron ochre, and ierrnginous sandstone. The thicker and tinner 
beds of sandstone and roestone are fre(juently traversed by veins 
and strings of calcareous spur, vvliich rarely exceed one, or a? 
most a few inches in thickness. 

Orfranic Re/nains. — M. Frei( slelx n notices the (u'currc ntH^ oi 
an orthoceratite in the variegated sandstoiuf (.4 Xebra ; and in 
refening to the work of JNI. v(m SchlotlHum, wliicli appeared in 
Leonliard’s Taschenhuch, in the year hsl:), he speaks of pecti- 
nites, pimiites, pholadites, turbimto, and laige ostraeites, as 
being princijially charactmistic oi the variegated samlst'iue ; but 
M. von Sclilotlieim himself' observed, that so great an uncer- 
tainty lias prevailed with respect to the difierelit formations of 
sandstone, in which organic remains have l)een found, that con- 
tinued investigation alone could determine how far the lists 
ascribed by him to the variegated .>aiKlstone, and (juadersand- 
stone, respectively, were correct. )t now appears from the 
Petrefactenkunde of that author, publislied in 1820, that the 
shells noticed above occur in the quaciersandstoue, and not in 
the variegated sandstone, Ik von Schlotheim mentions, how- 
ever, having observed in the latter, gryphites spiratiis, jialma- 
cites ammlatus, carj)oiithes malvveformis, c, secalis.f 

The siliceous or qiiarlzy sandstone, composed of fine granular 
quartz, with a siliceous cement, cccurs much less frequently in 

* The term (juath rmndHtciu i«, however, now more peculiarly applied to tlie third 
fioetz KandKtone formation. 

+ The renmins of organized bodies are, I apprehend, very rarely, if ever, met with 
in the new red sandstemeof England. 
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Maiisfeld, being imbedded, iji no cerlaiu order, among tlie oAer 
beds of sandstone and clay. But iifthe Ibrest of Thuringia, M. 
Heim observes, that it occupies the central portion of tlie sUuta, 
wliile the argilhiceoiis or calcareous varieties are found toward 
the exterior, where tliey are conhned by the clay and concomi- 
tant beds that intervene, (/U either side, between tiie sandstone 
and file lower and upj)er limestone formations. 

The calcareous sandstone Ibrms a substance, of a character 
intermediate between sandstoiu? and roestone, usually appearin;; 
in beds from a lialf t{» one foot thick, the interior ol wiiicli is com- 
rnonly dark biuisli-grev, passing towMivl the exterior into snioke- 
grey. I lie darke r varieties ct.*ns:st of an intijiiate mixture of 
lime and silex, hard and hrni. ni which single grains of quartz are 
seldom discernible ; the li'aiiter strijied \ arieties are distinctiv 
sandy, or they have a small line-graiiieil sparry texture. It is 
seldom p^irous, but when in that state*, it has little cement, co!)- 
sistiiig ol imnule wlnti:; graim^ ot* quartz. Tiie caleareous saini* 
stone, or siiii:eous innesloue, passes usiiallv into roestone. 

Jh(/es/onc. ( lloggenstiiii.) — liiis substance varies considi r: - 
hly ill the size, form, and coiinexiuii ol' the grains; the struciu?e 
ol which is somelimes ctjuipact splintery, sometimes ccnceiilric 
lanieilar, suiaeliines tblialed granular, and commonly of a smoke 
or (laik-grev, Imnv iusli-rcol, or reddish-brown colour, dlie grain?:; 
are («aiiid li'iam the >iZv* ef elu'i'i’vst ones to that (>f |)f*as, iienqn, 
and miilet seeds, and even niucli iiner. 'the coarser grains are 
met witli cli.isciy adiienng to each other, with In tie ujqmarance 
of a connecting medium, <ir immersed, in a more or less crowded 
state*, in a base ol‘ higidy indurated clav or marl, mostly oi a grey 
eu* reeldish colour; <»r they appear singiy in a sandv or mariv 
base. '1 he grains have a rough, uneven, or a smo dh surface; 
lieing in flie last case usualb" white, and composed of eoncenu it 
iamellar concretions. .Anotiier varie'l v of' the tiiieu-grained con- 
sists (d grey or br-ovn, round or oval, grains, with a foliated 
granular texture, lodged in a milk-white base, of a similar 
structme. 

g\s the grains become smaller and gnuhially dillused in the 
substance of the base, the hardness and tenacity oftlie stone are 
proportionalily increased : so tliat at length the roestone passe* 
sometimes into a coarse or line s|)linterv rock, a ejuartzy com- 
pact limestone, or horn-)narl. And, generally speaking, th ‘ 
gradations are very mmK*i\>u.s, by wliicli it passes into saiulstune, 
marl, compact limestone, hornstoue, and even into sandstone. 
The gradation into sandstone occurs in particular in the liner- 
grained w hite, or brownish-red sandstone, which contains uiimile 
browm gmiiis of' roestone. Sometimes also both the roestone 
and calcareous sandstone jiass into a substance nearly resem- 
bling tpari'y iron ore; and lu the clay and sandstone quarries 
near Sangerhauseiv is a considerable bed of oolitic spany iron 
ore, the grains of which are of the size of peas, with a £air o 
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clove-brown colour, and foliated granular texture, the cement 
of which is a yellowish-grey, coarse sandy marl. In other quar- 
ters, the grains of roestone sometimes consist of brown ironstone, 

e. g. near Eisleben.* 1111 . r 1 

The compact roestone is frequently marked with beautiiul 

dendritic delineations. 1 i • 1 • 

The roestone usually occurs in beds of 4 , 8 , and Ix, inches m 
thickness, which alternate with sandstone (particularly calca- 
reous sandstone), slaty sandstone, and variegated ^aty clay; it 
lies much more rarely between beds of red clay. ( Jay galls aie 

also common in it. ,1 

Membranous malachite has been found in the roestone 
between Emselohe and Blankenbeim ; and in calcareous sand- 
stone, near Saiigerbausen. Iraces of copper occui likewise in 
the varieirated simdsfone of the forest of 1 huringia.t 

It haslieen remarkert by M. Voigt, tliat the roestone occurs 
seldom, if e^ er, in the new red sandstone, when the shell lime- 
'^toiic ibrniation is found to predominate in the Mime tiac t.^ 

S/aty Siin(isfn)n\--T\\\s is in a great measure confined to those 
qliartei s in wliich thin beds of argillaceous sandstone, or of ro(‘- 
stmie, alternat(‘ with slaty clav, and it never appears in any great 
thickness. It is usually ‘very'micaceons, and of a tender consist- 
ence, passing into micaceous slaty clay, or into sandstone. 

1 Ncidcntal Mem hem . 

Limesiouc ami Th^r/.—These suhstances are sometimes found 
in the new red sanduone formation, nnconnected with roestone, 
commonlv appearing in an isolatc'd manner in the clay, in the 
vicinity of the uppe; gypsum. Oi the limestone, several varie- 
ties ocxur, e. g. fine s|>lmterv and siliceous, sandy and tender, 
solid and miruile grajiular, and compact. Of the marl: sandy, 
rough, and porous^ vvitli nodules of sandy limestone ; or as slaty 
clay marl, with round portions of calcareous spar. 

Loose Saad and Conglomerate . — Beds of these have been sunk 
through in several parts of the county of Mansfeld, and at first, 
it was doubted whether they might not he alluvial. But more 
extended ob^ervalivui lias proved that they belong to the generm 
seiies. The conglomerate commonly consists of red day mixed 
with iniieh sand, including more or less numerous pebbles and 


^ Hence welmv e ven tluit in formation, the tmlitic structure Jim 

appeared in compw^t limestone, in foliated granular limestone, in Hparry iron ore, and m 
brown ironstone ; and in the subjacent or hwer limestone fhrrmimn^ in trwmctttone, and 
rauhwacke * 

The oolitic structure is known also to exist in the carboniferouK or first floetz liin^ 
stone; e. g. in the environs of Tortworth and Bristol ; but it is in the upper portions of 

die shell limestone that it becomes predominant. ^ a • ..u 

f Ores of copjier and lead, and earthy black and brown cobalt ore, arc found in tlic 
new red sandsteme of England, at Alderly Edge, in Ch^hirc. 

t This observation appeai»i to hold good In England, where X am not twara that tha 
roestone has ever been met with in thfc new red sandstone formation. 
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boulders of quartz, hornstone, lydiaiistone, Granite, syenite, 
greenstone, and quartzy sandstone.^ The sand is either a pure 
loose running sand, or it is mixed with day or marl, and loosely 
colierent ; but both occasionally contain angular fra^>-ment8 of 
felspar, beside ])ebbles and grains of quartz, hornstone, granite, 
syenite, and slaty red sandstone, in the sand, a large well- 
preserved cliamite lias been found' at tlie deptli of 12 fathoms 
from the surface, beside fragments of shells. And petrihedwood 
with pieces of liituniiiious aiul |>yritoas wood have occurred in 
loamy sand, somewhat indurated, at the dejith of4<) fathoms. 

lnmsloni\~-Y\\\s^ apipears in Mansfeld in tlie iVnan of pure iron- 
stone', or as 1 eri nginous sandstone. \ he lortiier is a brown 
argillaceous ironstiuie, j>aialv also veiy siliceous, and either com- 
pact or odniKieous, and free from pei rifactions ; fbnnine: layers 
from lialfan inch to sc\ eial inches in liiiekness, or round masses 
and greoch's, imlieddcsl in the dav (»r argillaceous sandstone. 
Tho ft iTugimms sandstn!>e constitutt s yellow and Inown layers, 
whidi ait' fo pneully very siliceous, and usuailv tliree or four 
inehes tlnek, aiid s’u.iht it'Utiy rich t.; i»e n orth smt Itiiig. But in 
Sanc'eiicnisen, '.i bed ocemv lr<mi two to six ftu’t duck. 

( /y/c/- — 1 Ins was jornu iiy considered as a dislin'Ct 

formutiim, ilu- jc.siilon td’ wiiidi was conceivtd to he lietween 
the nec; red saudstoue and the shell limestone. Later writers 
ha\a' slu»\\n its u’t'olonica! etmneetiw'U witri dav: and M. Heim 
vu'us it in tile f rrst of 4 hunngia as subortimate tt) the bed of 
day, which thmu Intt rveifc s, ow either side, iietween the new 
red sandstone and t he !• o\ cr and npjXT hm -sltme Ibianations. 

But in I a I ist t io and tic, ad|aceni dj.^-irn'ts, tlu up; a r e,'’rpMirn 
has im sut.'li drt ! n;t If pr^'^ilivUL bt'ini; tiunt! found suboi (hnalt,' 
to tlu' day and v.,udslone Idnuaiioii, j;ri£'('ina]l v In tiu* dav, but 
sometimes alsrt m iht' sandstone, v* ; in no tnrlain ordur. Tic' 
former imiy lit; ca.lletl da}' gvpisum, :oui tin* latter sand gyjcsum. 

The upjier gvjjsum is found m thick strata hoi izontalK' dis- 
posed, or variously indinetj, a('Cv>rdmg to tile diange of'po.sition 
it may have umitae^ me, bcina m.t unfivqm'nt Iv tra\ersed b\ 
irregular fissures, often sevv iai ft'd in widih, wind] are eitlier 
opt n, or filled with day, sand, cu' ;rravd. The eause of the fre- 
i|uently chsturlied |a»situm ol' the uj)pcr gv[)sum, and of the 
concavities by w inch tlic surface is marked, is easilv to be found 
in the sinkings of the earth, produced by the rupture and depres- 
sion of the cavmiious lormatioiis below. 

In Mansfeld ami the adjoining districts, tlu' day gv|)siim 
occurs in the form of large, detached, ditl-like masses, enveloped 
in the red day, sometimes constituting a chain of small hilis, 
but never, as in riuiringia, regularly coutinuous beds" Its posi- 
tion is indeterminate ; a|)pearing in some quarters in the upper- 
most beds of day, almost immediately under the shell lime- 
stone; in others, occupying an intermediate position, being 
covered by an alternating series of beds of sandstone, roestone, 
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and (day, and reposing on a similar series; while in most 
places, It is found la the lowest bedwS, adjoining to the subjacent 
cavernous gypsum and limestone. But in all these cases, it 
forms isolated, shapeless, ruasses, lodged in the clay ; the largest 
and most connected ajjpearing in the lowest position, and the 
iiiore divided and numerous iii the intenuediate and uppermost* 
Yet in those parts, wliere th(^ gv])suin masses are wanting, traces 
oi this mineral are still to be met witli, in tlie form ol- round 
nests, single grains, or thin streaks. 1 he enveloping mass most 
freciueiitiy consists ol the red, slaty, tenaiuons clay, puie, oi tine 
sandy; it, however, olten alternates with layers oi sand, or ten- 
der sandsUme ; and in some (jnarters it contains boulders and 
pebbles of (piartzv sandstone, granite, syenite, ike. oi varioi^ 
rt^es, and disposed in layers, e. g. near YVolferode aiidWnnmel- 

burg. /I 1 * 

The sand gypsum is to be observed near Cir<ysUinungen, in 

couiieeted musses, tV)rming a continuous chain of ehtts, where it 
reooses on an alternat rig series oi l>eds oi culcareons Handstoiie, 
nniurated marl, limestone, and sandstone ; and which separate 
there tiie sand gvpsnm irom tlie subjacent swinestone and 
knver gypsum, ihis sand gypsum contains ihsjuently layers 
and streaks oi red clay, large round masses of tirm sandstone, 
md lamellar portions of ^!aty micaceous sandstone. 

The principal constiiuenls of the uj^per gypsum are the 
iobaled and radiated kinds, with a smaller pir>j)oitmu (d the 
s:pecalar, iibrous, and earthy : being bmnd giyy, whitt, , bluish, 
or reddish, in tlie ciav gypsum are also loimd occasionally 
emhonute oi hme in spoiV and stn{>es. and Muali ruck ciy ^tals m 
pnsins witii both the pvramldal lenmnations, e. g. la ar^W mnuel- 
burg. .Nalivt' sulpluir lias likewise ocemied in it near Aaunciurf. 

in Mansieifb the ilnekm >s <n’ the ujiper gypsum lias heen 
found varviiig, in ddi'U'chl places, irom d to d(> tatlioms. 

R(tclv>a'/f. Several geolv>gi>ls are <d opinion that saltsprings 

dciive tiunr source IVum tim clav and gypsum (>f ihe new red 
orndstene I'onnatioa. It does not a}>prai' tiiat sail springs always 
r>T^>ce(:d dnectlv iVom a bodv of rocksalt, or horn salt connected 
wHli irar gyjKiung bat, irevp’enilv ratner from saline puii tubes 
diiaised llifough the day. Hence tluyehu , as well as the gyp- 
may lie said to in* .saiiierous. ihis \h:vv oi the case is 

contirmed by experience. ^ i i r 

At Schoiiibeck, in Mvigdebnrg, salt springs rise irom a bed ot 
clay, immediait ly below the shell limestcme, ; and at Aschi^rsle- 
lMui,Hear llalberstadt, a salt spring rises eitlier from shell lime- 
stone, or fooiu the clay oi the new nui sandstone fbiniatioii; 
wbile'at Salzbermersdori’, in Hauaver, salt springs proceed from 
the ripper gypsum. In the torest ol 1 huringia, vsall springs issue 
from the bed of clay that lies below' the new' red sandstone, near 
Halzimgen and Schinalkulden. Near Sulzon tlie Ilm, iiiMiemm 
in liildburgshtmsen, and Krenzburg in Eisenach, they proceed 
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Irorn tlu^ upper bed of cl*ay that lies between the sandstone and 
the shell limestone. The salt springs near Sulz der Helden and 
Sulben, im Lower Saxony, rise also, it is said, from tlie new red 
sandstone formation. According to M. Schulze, most of the 
stdt springs with which he is acquainted rise from, or in the 
vicinity of, the sIh‘11 limestone; but their true source is conceived 
to lie in the red clay marl, from v/liich they have forced their 
way through the shetl limestone. 

Coa/. — In Mansfeld, there is no appearance of coal in this 
iorniation. But in the forest of Thuringia, traces of coal occur, 
according to M. Heim, in the bed of clay, which is interposed 
betw^een the new red sandstone and tlie shell limestone, both on 
the Lmnconian and Thnringian sides ol the forest; Ibnning there 
thin discontinuous layers, scarcady one inch tliick, separately 
considered, but which sometimes coalesce, and thus constitute 
a bed from oue to two feel thick, d'hese iavei’s consist of black 
shale, with thin streaks of coal, aecompanital with iron pyrites, 
gypsum, and calcareous spar. 

In taking a general view of tlie distribution and extent of the 
lunv red sandstone formation in (iermaii\% M. Freieshdien traces * 
it from Alansftdd into riiuringia, the llarlz, Louvr Saxony, 
VVestplralia, Ibsse, forest (»l‘ riiuringia, liancoina, Suabia, 
riavaria, and Austria, availing himself on tins occasion of the 
researches of AIM. llmm, Jordan, \ oigt, Hausmann, Fiuii, Sec. 

Tlie great extent ami distrduition of the new red sandstone 
tracts m Knglaiui may be seen in Air. ( ireenouglds ( icological 
Map. It is u(‘ll-known that tin? I'nncjjiai Hiiglish de|s,)sit8 of 
gy[>sum and rncksah are femnd in that fbrmati(.m, as Wi‘11 as the 
Nources of salt sjirings, Aral frr)fu tiie detailed ol^servat ions of 
Dix Holland on tiu' ( hesiiire salt of Mr. ilorneron the 

l)rnitv\ icli lirine springs, l' ef Mr. \\ meh oji liit^ mov red sand- 
stone ot ilurhani,! and oi ih'oj. Buckiaiul ten that ol (aiinber- 
laml and W fst nioix hiud,^ l>e>uie (.iher |)ulihcat!ons, we may 
collect many facts coimoden;. vvilli wiiat have been remarked in 
I lie ( lennan f(.)rnrat ions. < )n tiie banks oftiie l eas, the new red 
sandstone formation is said to lie at least 7 20 feet tliick. 

iTo in' conthtned.) 


* Ga>l. Tmiis- vol. i. + lliid. v<>l. ii. 

^ vtil. iv. Ibid. vol. ir. 


KRRATA. 

l*age .^4-i, line 2T, /br its thicknenwife variable., read its thickness is very variable. 

314, the two lines placed above the words Upper Portum should have 
1)een beneath them. 

.348, line ^j?4, /l>r gentle routlines, read gentler outlines. 

1214, (October Number) line l5,yor (rroup No. icmi Group No. 20. 
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j Article IV. 

On the primani Form of the rwHinouite, as uedaccd from iis 
tyearagc and Flams' of Modifcaiioii. By William Phillips, 

FLS. &c. 


(^To till- I'alilov of the Aiiiuih of Fli'tlosoplni.) 

In the Tnuisactions ol' the Boval Society for 1804 is a com- 
munication bv the t'omte <le Buiinum on this 
plate of 17 ot ils crvstalliiie forms. In the volume for 1808 there 
c a iro- ’■ !)V James Smitlison, I'llS.on the forms of the crystals 
uVthm- iK-cm'm'natu ami on the primary formas deduced liy 
bim f'h-o the iihuies of modification to which it appeared to him 
hahle. '! he strictures oi' the, latter Gentleman induced the Comte 
<le to re- cxuniint' il'O' iJoiiriionitc, as io its jniinury 

crystal and modifyii,- i.lanes, imil an i labuvafe article on the 

gubiect is inserted in Nicholson’s .lourmd. 

The ('ciiite (Je Ihtinia n, in t!u‘ first liistanco, ^vas nKiiuasl f i 
' assume tie nctaiigiilor h ^raJ.ndxd yi'ism as tfu’ primaiy form. 
Mr. Sn.ithson sufistituus t’.ie adc. asserting at the same tinio, 
thoii'di not in v< rv coiiitlv plirase. tiiat “ot the I / Kcures eiveu 
bv the Cl ante do tlourm.n, creat vaH arc acknowledged 1,. havi.i 
no existence, nor indei.d ar- anv of them consistent witii iianne; ’ 
aremark v.hich douhti,-s o. lemati li, m part, iii the v.at.l of accu- 
racy in the drauino-s. b,;t clm. Hv in tiie i rri.rs id .Mr. l-miinson s 
own adnieiisuienii uls.^"' T!u Comte dc noiinion. in .Nicholson s 
Jourmd. and ufterv.ards m ins own *• Ca'aloouc,- snbstitiilcs a 
sqnaro / r/.m; a.s ilu; piirc.ary f. rm, and yives a more ilctaiu d 
serii s ot iiie ci'vsi alinie f. ‘n.is oithis su istaiice. ^ 

1'hc Iasi firtf limiiiatioii ill' (h^ ihairiion a|ij)viir> 

rather to hm • needed, from, than approxnnat.'d to tlie truth, 
♦ bmieh a, ii ast Us near to it Us the cube udojUi (1 by bis 01 ) 110 - 


squiiFF ; 

serit s ci i iic c?’ 

1 'hc Iasi fii 
ratiu’i’ io hi:‘. .■ 
though ;!r i( AS 
iient. 

It (itK -s i;,;t ; 
10(41), thill lln^: 

iiivisibh inKi tAW) 
lliuiiiliK' j)i isni 
a ('irciuostAiix'f 


n to hiAVf - liof-M kiHiVvi) t< j eil'sca" of theso g'ent!(‘- 
lic-laiioe possesses roiiular (•l(.aivai»:cs. ft is 
pri. ; liuoujly, a jinsin. and a 

Aiiiih t,«» its juissessinS!.' tvs’O st:‘ts ol clcavagass 
t vorv nM(‘< >uinn.*n annnig nnnorals. 


<1 I llV-ttU! 't*iiM e im ». tv* - - ,-7 

In inv colhction arc soMoa] specimens ol the .Bournorntx^ 
from Hncl Bovs, in Cornwall, and a coiisidtaaible number ol 
isolat(‘d ciTstals ; i ne of tlmni near an inch m length, and half 


♦ Of tlie eight aitglc'S given by tbix autlior, only two arc correct : it may, tlierefore, 
be taken for i^ianted tViat what he has given arc not acinal measurements, CNpccmlJy since 
they are given m a second, wliich no goniometer will indicate, but rather aimumptions 
Ibunded on the known law.s of decrement belonging to the cube, which he erroneously 
assumed m the primary’ form. 
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an inch in breadth and thickness. From IG of these crystals I 
hiive taken about 200 measurements, by means of the reflective 
goniometer; and these, together with the cleavages 1 have 
observed, enable me, as I trust, to put it beyond doubt, that the 
fiu'm of the primary crystal is neither the si^uaie piism, nor the 

cube. ' 

The annexed ligure (1‘lalo XI), fig. lo, represents one of 
the most simple crystals ; others exhibit several other planes, 
whicli, lio\v< ver, are not important to the present (juestion— the 
form of tlm primai'v crystal. 

Tills mnteial may la' cleaved with brilliant surfaces parallel to 
the lateral planes 1' V, and ee'; the latter are generally striated 
in a diree.tion periiendie.ular to l.iie plane P' : the former meet at 
an aimie r.l'litt by the redloctixe goniometer, though sometinies 
varying a fi-w mn'mtc.s ; the latter at aliorit 30' and 80° 30' 
i siiy 03'’ 30', hetainse, owimgto tilt: extreme brittleness ot 

llie ‘snh-lanee, v. Inch readily yields even to the pressure of the 
nail, it is diifieeit to olitain two pertect planes ot cleavage on the 
same speeimen. and cvi n v.lun atiamed, they rarely agree to a 
few mmiites, owing either to the injury wliich the mineral sus- 
tains internahv hv eh avine: H, e>r, as is fretpiently tlie ease in the 
larea r ei vstals, t i thi.ir ia .ng eaimposetl of several smaller ones*,* 
honn-f. '1 111 eoi'iii! on hv h; lihant i'inlaet'S. i hate not been ablt- 
to diseuv . r a ci- ,iv:eie’|r,indlt ! to the terminal plane P'. 

It is known iha* the nataral plane:, cten tif small crystals, 
wiiieh, Ijeiiie,' tin ino't |i'’,'tcet, are best adajded tti the useoftne 
n Ih.ei n e o.i- an. ! I I , do not eommorily give eoinciding niea- 
suremeiit^. l-nl an: .oilijeet to variations iVom I to about 40 
minutes. liaMiic siilmiUtei; itie annexed drawing,^ and the ful- 
iowing nii asiireUK iits, io my li-.eiai li. .1. Pimukc, liyq. he. 
oiisiiMs, that ‘ the ineliiiatioii ei t!n‘ jihines c on e being 
'i;;-' ;;u', and tin re in nn:; eieavagi s iiarailel to tiie planes e (' and 
P P", the primary im'm may he either a ixaMangular or a right 
rlmmhie. p.risin, the plane P’ being assumed as the terminal 
plane. As the planes e c' are mostly striated, iho nrluiigii/ar 
pri^w 1' V" mav he ehosen to r. ;.resenl the i>rimary lonm 

‘ Prom th.e anode oi'lilP 30' wieeii tiie planes e e' makewitheacli 
other, the terminal edges ol the leetangnlar prisni will he to 
each other as I GO to 170 ; and assuming the umgie P' on a to be 
13()° it)', and to be the result oi' a decrement by one row' on the 


• U is to this I’ircimist.mrc of crvst.tls being coniposctl ol scvenil others, or of their 
icing in iiart constituted by iifl .T-aci.«sition, that we may occasionally attribute some ot 
tie planes atwinal.Ie bv fracture. ^Vt• seem to cleave the mineral, when, m reality, we 
mlv separate two crystals, afiording tolerably brilliant planes, but without that perftetton 
ahicli belongs to tlmse of actual cleavage ; these are, therefore, readily detected 1^- the 
■xpcrienced eye, and may be termctl » of cowjxmtiOH. [X], 

.omeumes attainable parallel to the lesser diagonal of l'™‘‘“y I’"*""' 
sary-tes, and the planes that may soDicttmc,s be procured by taking oft the edges of a 


rube of iiuor. 
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greater terminal edge of the prism, its height would be to its 
greater terminal edge as 153 to 170; or, the three dimensions 
would be nearly as 15, 16, and 17. 

^ That the prism is rectangular, and not square, cannot admit of 
a doubt; but its height compared with its terminal edges may 
require to be altered, in inv estigating the laws of decrement, by 
which other secondary planes are produced.' 


P' on P or P" 90" 

P' on r or r' 90 

P on P'' 90 

r on c' 93 30' 

P'oiw/orr/' 147 30 

P'oiw/ 136 16 

P' on 5 136 48 

P' on c or c' 136 45 

Pone 133 15 


Willi am Phillips. 


Article V. 

A strovovii ca / Obscrral ions , 1 M2 ] . 
By Col. Beauli^y, FHS. 

Ih/shei/ Heathy near Stanmorc. 
1/atitude 51® Xoniu Ivongiiiuk* M'est In time 1' 


Sept. *24. 
On, 7. 

' Oct. 8. 
Oct,* LJ. 


Immersion of 
satellite ... 

Immersion of Jupiter’s seconti 


Jupiter's fiistUn'' 5f»' 55 ' ? Mean Time at RuHlicy. 

^15 5H 10 > .Mean 'I'iine atOreenwic 

} Mean Time at Bushey. 
S Me; 


15'- 

5(i' 

55" 

15 

5H 

10 

1C 

.‘^9 

10 

10 

40 

:n 

5 

3] 

00-0 

r> 

27 

5TH 


reenwich. 
lushey. 
Mean 'rime at (menwich. 

Alcan 'rime at Hushey. 


Occultation of a Aqua- ^ I miner 
rius by the moon. . . } Kmer. 

Oecultation of Atlas I*lcia(iivm by the moors, immersion 9'' ‘2' 17" 

Emersion 9 59' IT ; Mean lime nt Bushev. 

OcculUition of Pleione rieiadiim l>y tlie nuasn, Immersion 9*' ^2' 50" 
Emersion 9-‘ 49' 41"; Alean Time at Bushey. 


Not having had a map of the Pleiades before me, I may have mistaken the natnes. 
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Article VI. 

Tal/les nf Temperalnrc, and a Mat/iematical Development of tlte 
Cannes and Laws of the Pliwnomena which have been adduced 
in Support of the Hijpotheses (f “ Calorijic Capucitp, ImUiU. 
Heat,” Sc. By John Herapath, Esq. 

iCo/tttniicd from p. 274.) 

Theori/ of Evaporafioft, 

If the parts of the particles of a fluid have a degree of adap^ 
tatioM which will not allow them to decompose but Wyond a 
certain teinperature, the body, as soon as it has attained this 
temperature, begins to experience a decomposition in soine of 
its particles. This decomposition must always take place in the 
superficial particles, because, from what I have already show'n, it 
cannot in the interior, so as to produce an evaporation from that 
dec(>ni{)ositi()n, iniless at the term of el)ullition. As soon as this 
decomj)ositiun takes jilace, the temperature in the neighbourhood * 
falls, ami the i)arts of the fluid in tliis place becoming specif!- 
eully lioavier, sink. A (uirrent by this means generally ensues, 
the cooh d i)arts di'sceiiding, andhhe warm rising, d'he higher 
the lemjjerat lire, the more rapid the currents, and the greater the 
es aporatioiMMll evidently be. At hmgth when the body reaches 
the temperature cd elmllition, the rapidity of the currents and of 
the superticial (](a-v)in|)osition are md sullicient to counterbalance 
Uie rapid accessions of lemju rature the body is receiving, and 
lienee ebullition, ora violent dcciinposiliou in the interior of the 
i)ody, ensues, i^ressuie, as 1 have shown, will influence the 
teinjXiratvire at which (bullition takes place; but the pressure of 
gases, it will ajipear in a tiitiire prvipositioii, has notliing to do with 
the aiKsolule celt iilv nl evaporation. Ih en the vertical currents 
! have been spt'akiiig of, though m higii temperatures near the 
teiuis of eluillition tliey ’vill always exist, arc not cssenUal to 
t va|)vU'a» itia. In low temperatures where the evaporaliou is 
snnill, simj)le eommuiiicatiou of tcm[)(‘ratuve from the under 
strat a of the fluid may be sufficient to keep up t he temperature of 
decomposition \vithout any current; and hence there may be a 
perpetual evaporation even from solids, as ice, bCc. which we 
know to be the case by experience. 

Were fluids composed of particles of unifonn adaptation, but 
different in different fluids, their evaporations by tlys theory 
would have all the same law and relation to their respective teny- 
peratures of ebullition under equal compressions, which expert-^ 
ments seem to confirm. But at present my object is to treat oi 
the laws and phaenomena of the evaporation of water only, wirtcli 
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indeed I have not near time to consider as they deserve, and, 
therefore, fear many beautiful pliienomena connected with them 
I shall be obliged to leave untouched. 

By his theory, it appears that ebullition and evaporation are 
distinct and separate phamomena, both indeed depending on the 
same cause, temperature, or the violence of collision, but the one 
influenced by a circumstance, namely superincumbent pressure, 
which has no effect on the other. For want of attention to this 
distinction some writers, and among them the Rev. Ur.Wollastoii, 
have run into eonsiderable errors. The Doctor, following the liiiits 
and.example of the Spanish philosoplier Betancourt, lias endea- 
voured to contrive, by tiie temperatures of ebulliti< n, and a, thei- 
mometer which lie terms a barometrical thennonieter, a uu thod 
of determining the heights of elevations. A very important con- 
sideration, however, having been overlooked liy the latter, ami 
not noticed by the former, remh rs tlie mediod, as it is now ( in- 
ployed, scientdicallv incorrect, ihil 1 shall have presently 1< > speak 
of this subject. My object is now to develop h’om jihysical consi- 
derations ihi) mathemaiieal laws of evaporation, tliat we may see 
by their aecordanee vvitli plnenoniena wiictlnn* the.sim{»lc opersi- 
tions of nature, rationally investigated, will not enalih^ ns to dis- 
cover and establish something in the shape eif a probaide ami 
a consistent theory. 

Dejuiil IONS. 

In cons(;qnence of tiie new and enlarged views 1 liave taken, 
I have found it necessary to make an alteration in the term 
numeratom 1 have iiitluTto employc'd, ami to introduce s(une 
new ones. 1 ha\’e already e.\[)re'se(| my avt'rsien t'> making 
innovatit)ns, a^nl certainly disapprove ot tin* int r-odueti?)!) oi‘ m \v 
terms where it cun be avoided ; but ni the prt^sent instance where, 
by pursuing tiie route <;( New t^m, i iiave de|r,irted so far fi'om the 
beaten track, I cannot see how I can convenifmtiy do without it, 
However, 1 hav(‘ been a< sparing as possible ; and limugli 1 
employ the tdllowing lerms, i shall be verv rtoulv to change t liem 
for any which may fie tlionglit more suitable or proper. Some 
of those dehned I mav, periia|)s, not want in the course of* my 
present incpiirics; but: 1 thought it better ki introduce them at 
once on account of their analogy and affinity to the others. 

Def. 1. — Niimeratomnm, derived from nnmerus, a number, and 
the genitive plural atomorum, of atonis^, I intend to signify tlie 
number of atoms in a specified space, without regard to tlie 
equality of magnitude in the atoms, or uniformity oftignre. 

Def. 2. — Anthrneridonc, derived from number, and 

the genitive plural fjLspi^wv, of particles, signifies also the number 
of particles in a specified space, without any regard to their 
equality or similarity. 

Def. 3. — Voliiminatorn, from co/umiuisy of volume, and/?/owf, 
atoms, denotes the number of atom.s in a unity of volume. 
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Def 4. — PonderatoiB, from ponderis, of weight, and atomi, 
atoms, imp^Iies the number of atoms in a unity of weight, or the 
mimber of atoms whose aggregate mass of matter is unity. 

D(j\ 5. — Megethmerin, from fisyskg, of volume or magnitude, 
and |Ufp/r, a particle, denotes the number of particles in a unity of 
% olume, 

ihf. 6. — liarornerin, f rom jSapoc, of weight, and a particle, 

signifies the number of particles in a unity of weight, or the 
number of particles whose collective mass of matter is unity. 

Def 7.— When in the following part of this paper I speak of 
the megethmerin of a vapour, I mean the number of vaporous 
particles in a unity of volume, not taking into account how many 
or how few , nor whether there be, or be not, any gaseous parti- 
cles mixed w'itli them. 

Prop* VII. Thkoh. V. 

If two portions of tb« same fluid, having equal depths, be 
ecpially and similarly exposed at the same temperature, the 
f|uantities evi^porated will be directly proportional to the areas of 
the exposed surfaces. ^ 

Fcr since tlie depths and temperatures are equal in both, no 
irregularity cun arise from any inetpiality on either of these 
accounts and since tlie fluids are the same, and equally and 
similaiiy exposed, there can be no inequality in the momentary 
ivaporating action on like parts of the superficies; therefore, 
the evaporating influence, to whatever cause it may be owing, 
being the same on equal jiarts, the ratio of the whole evaporating 
actions, and, consequently, the ratio of the whole quantities 
evaporated in any small particle of time will be equal to the 
ratio of the evaporating superficies. But if throughout any 
small portion of time the evaporating causes on equal superficies 
be equal, they will be equalthroughout the next portion, and so 
on ad InfinitHm ; and, therefore, the whole (quantities evaporated 
for any ieugth of time indefinitely, will have the same ratio ; that 
1 $, the ratio of the superficial arcs. 

Cor , — ^This proposition is mathematically true only when other 
things being alike, the depths are equal. But if the depths are 
unequal, but so great that the evaporations for any given time 
will not sensibly affect the general temperatures of the fluids, 
the ratio of the quantities evaporated will still have very nearly 
the same ratio as the evaporating superficies. 

Prop. VIII. Theor. VI. 

If any portions of the same fluid be cooled by evaporation 
alone, from any common temperature to any other common 
temperature, the quantities of fluid lost by evaporation will be 
directly proportional to the quantities of the liquid ; and con- 
versely, if any two portions of the same fluid lose quantities pro- 
portional to their weights by evaporation, these losses, if their 
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temperatures were first equal will equally diminish their temper- 
atures, if no extraneous temperature interfere. 

Were the two portions similarly exposed at uu equal depth, 
the proposition would coincide with the preceding, and ilie 
evaporations would be as the surfaces ; tlmt is, as the quantities 
of the fluid ; and the temperatures being once equal w ill alvvays 
be equvil. The converse case under these circumstances is 

evident. ... 

Again : because the fluids are the same, the decomposition in 
each particle at a given temperaturt; is the same, and lienee 
equally aflects the temperature of Unit ])ai ticle,or an equal por- 
tion of particles. Therefore if the decomposition or evaporation 
of p particles produce on a certain quantity Q of the fluKl, <i 
given diminution of temperature', the (lecomposition ql // p par- 
ticles or // times that number will produce the same cliininiition on 
ji Q, or }i times the former quantity of the fluid. That is, the 
original and resulting temperatures of Uie fluid being equal, the 
quantities evaporated will have the same ratio as the }jortions 
of the fluid from which the evaporations are made, provided 
nothing extraneous aflccts tlie temperatures. 

And since equal diminutions of temperature are accompanied 
W’ith evajKirations proporUonal to the quantities of the fluid, it 
follows (Xinversely, that evaporations pioixirtional to the quanti- 
ties of the fluid produce equal diminutions of temperature. 

Q;/*.— silence if the decomposition be similar in each particle, 
the loss of temperature arising iVom it will be proportional, and, 
therefore, by know ing the dimimition of temperature due to the 
decomposition of any quantity of the fluid, which w^e shall here- 
.after show how to compute, and by knowing the deficiency of 
weight in the fluid, we may easily det/ermiiie the loss of temper- 
ature arising from the evaporation ; and heuce. also the loss or 
acquisition due to any other cause we w ish to exmnine. 

Scholium. 

Philosophers, by some meairs, seem very much to have neg- 
lected, if not to have entirely oveiiooked Uiis tlveorem. Having 
made their ex[>eriments in cases where the temperature of the 
.atmosf^ere or oUier circumstances have overbalaneed tlie 
influence of the meqnality of depth, they have found that the 
..exposed area has by far the greater influence, and heivce have 
considered the depth and quantity of the fluid as having little oj 
nothing to do with the evaporation. Thus, to give a familiar 
example, which has often been submitted to caTcu^tion as a 
proof th4t the quantity of evaporated water is praoortional to the 
, opposed surface, t let us .take two vessels filled wiui water, of tlie 
icaiperature of th atmosphere, the one ikep, and the other 
shallow:; but both having equal mouths* Thendf they are both 
atmespkeie, tlie quantities of water e va- 
-iporat^d ti«te will be very itca 
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and seem to bear no proportion to the masses of the water 
which, perhaps, may be five or ten times as great in one vessel as 
in the other. ISow if we conceive the evaporation to commence 
in each fluid at the same temperature and from equal superfLciaJ 
portions, it is plain, all other things being the same, tliat the first 
increment of evaporation will be equal m each. And the same 
will likewise be the case with the second and successive incre- 
ments, because the diminution of temperature by the evaporation 
being generally much less than that communicated by the siir- 
rounding air, tlie loss is immediately supplied, and the two por- 
tions oi water kept at precisely, or very nearly, the same 
temperature ; and, consequently, their evaporations equally 
supported. ^ ^ 

Ihe same will also hold good, as I have mentioned in the Cor 
to the pre(*ediiigProp. if the depths be ever so unequal, but toJ 
gieat to liav(', tlie leinpeiatuics sensililv’' aflected by the evapora- 
tions ; for it the temperatures be constantly equal, and the sur- 
faces equal, the evaporations must be equal, whatever the depths 
may be. ^ 

By such experiments as these philosophers appear to have 
been much deceived, and to have formed very erroneous ideas of 
the law s and effects of evaporation nninfluenced by other circum- 
stances. Such iilueuomena arc undoubtedly a decided proof 
that evaporation takes place at the surface, and not in the interior 
of the body; but to conclude from this, that the mass of the 
fluid unde r all circumstances has nothing to do v/ith evaporation 
is quite a |>aralogism. Let us, for instance, imagine two unequal 
poitjons of the same fluid, exposing at the same temperature, 
equaJ [larts of their superficies to equal and similar actions of the 
atmosphere. Then, because the temperatures, exposed surfaces, 
and atmosplieric actions, are eijual, the first increments of evapo- 
ration must likewise lie equal. To carry on the same idea, let 
us, therefore, conceive that successive contemporaneous incre- 
ments of evaporation for half a given portion of time continue 
also to be equal. Iheii, since equal evaporations wmuld produce 
equal diminutions of temperature in equal masses of the fluid, in 
unequal masses tliev w ould produce unequal diminutions ; and 
the temperature of the less mass would be much more diminished 
than the tempemture of the greater mass. But at a less temper- 
ature there is, cceterh paribus, a less evaporation. Therefore, for 
the other moiety of the time, the evaporation of the less portion 
will be less than that of the other ^ so that tlie two parts of time 
being considered together, the whole evaporation in a given time 
will be less from the less mass than from the other. ♦'Diis, how- 
ever, is only to be considered as true when the eflfects of evapo- 
ration are not accelerated or retarded, or at least mot efiectuw 
counterbalaoced, by any foreign interference. Kven shoidd t^ 
lormgn interference counteract/but not be sufficient to mmemm 
entirely, theeffiects of evaporation an the tenayperatnreyit wffiefw 
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then be found that the greater quantity, though it has the same e\&- 
poration superficies, will evaporate more m a given time than^e 
E:ss This^ has actually been observed to be the case ; tor when 
equd surfacesof waterare exposed under the same circumstanc^ 
in vessels of unequal depths, that in the 

loses in a certain time more water by evaporation than the other. 
Puoi>. IX. Tuuor. VII. 

If any two portions of the same vapour be confined in vacuo 
over equal condensing surfaces, 1 say that the niciements o 
condensation, or the little 

particle of time, the temperatures being the same, art as 
elasUcities ^t^te particular manner in which the 

^ particles of the vapour strike those of the fiuid to com ense ; but 

Sit means of condLsation, that is, the temperature at the times 
ofUie collisions being the same, the probability of condensation, 
or of striking in the particular manner to condense in the same 
particle, is evidently as the number of times ot ils striking the 
?r,nrtpnsin(T surfacc ill a given time ; and in two systems of pai- 
tSles theVrobabilities of condensation are as the nmnbcrs th j 
ctr ke in the same time. But it is plain these probabilities must. 

co^dered Sne^ proponL»l lo ,1.. cmlcs.uo^. 

Therefore, the condensations in any small particle of time, from 
ivrportIUs of the same vapour, the temperatures being ti e 
same^are proportional to the numbers of tlw particles n Inch t omt 
in contact^with the condensing surface during that time. 

This being granted, let us imagine the two vaporous media 
divided iL stmta parallel to the condensing surtaces. in such a 
manner that if the particles in each strata were unifoimly dn 
buted throuo^hout their respective spaces, the corresponding 
strlta in each should be one, two, or the same number of parti- 
cles thick. Then since the particles of the media and also of the 
condensing fluids are respecUvely ecpia and similar, and U 
difference in the media is in point ot megethmer.n, it s t e 
sarne as if one medium was dilated or compressed until t, 
meTethmerin be equal to that of the other ; and, consequently, 
the^naths of corresponding particles are similar lu both, iltnct, 
ihLSore the n^bers Jf times the condensing surfaces are 
struck in’a given time by the particles of the first strata, are in a 
ratio companded of iL ratio of the anthmendones and the 
ratio of the number of returns of corresponding 
two strata. But these numbers of times are as the probabilities 
of condensation, and, therefore, as the increments ofeondensa- 
^<SomL given strata. The strata being the same number of 

particles thicC and the condensing jJUbtnnu! 

ratio of the arithmeridones is equal to that of the duplisubtnp^ 
cateof themegethmerins. And because the of 

the ratio of the number of returns wiU be equal to the tnterse ot 
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that of the lengths of the paths, or to the subtriplicate ratio of the 
megethmerins. Therefore, the ratio of the increments of con- 
densation from the first strata is equal to that compounded of the 
duplisubtriplicate and the subtriplicate of the megethmerins, that 
is, it is equal to the simple ratio of the megethmerins. But by 
the laws of gases demonstrated in my last paper, the ratio of the 
megethmerins, tlie temperatures being equal, is equal to the ratio 
of the elasticities ; therefore, the condensations from the first 
strata have a ratio equal to that of the elasticities of the vapours. 
And by a similar train of reasoning, we might show the same 
thing to hold good in the second and higher strata; for the par- 
ticles of the second and superior strata which do actually come 
in contact in a given time with the condensing surfaces are as 
tlie arithmeridones, and the number of tlieir returns as the lengths 
of the jjatlis inversely, the same as in the first strata. Therefore, 
if we carry on the reasoning to the nih strata, from which in the 
given time no condeiisatioii takes place, the sums of the conden- 
sations from all tlie st rata, or the increments of the condensations 
in the two uu tlia will lia\e the same ratio as the condensations 
from the first strata; that is, the ratio of the elasticities. 

Piioe. X. Theor.VIII. 

If the megethmerins of* two portions of the same vapour con- 
fined over equal and like condensing spaces be equal, I say the 
contemporaneous incr(nnents ot condensation will have a ratio 
equal to the triplicate ratio ot'ihe temperatures. 

The forces to produce union at the times of collision being 
alike, the ratio of the contemporaneous condensations would be 
equal to that of the numbers of times the most adaptable sides of 
two corresponding particles in the two media come in contact 
with similar parts ot the condensing surfaces. But the megeth- 
inerins being the* same, tlie times of contact are in a ratio equal 
to that of ilut velocities or temperatures ; and the number of 
times a particle turns a particular l*ace towards a given part of 
space in a given time, is as its velocity aliout its centre ot gravity. 
But this vciocitv is as the force which occasions it, namely, the 
intensity of collision or temperature of the medium. Iherefore, 
tlie forces to produce union and tlie megethmerins being alike, 
the ratio of the coutempmaueous condensations will be equal to 
that of the squares of the temperatures. 

Again, the [larticles being nearly equal, and the unions being 
supposed to take place w hen tht‘y are moving nearly parallel and 
tow ards the same parts, the tendency to union at eacli collision, 
and, therefore, The number of unions in a given time, will be as 
the force producing that tendency ; that is, by whtit I have 
shown in my former paper, as the temperature of the medium. 
Compounding this ratio with the other before found, the ratio of 
the contemporaneous condensations will be equal to that of the 
cubes of the temperatures. Q. E. D. 

New Series, \ol. n. 2 ii 


370 


Mr. Herapath mi Trm Temperature^ and the fNpv. 

Piiop.XI.TnEOK.IX. 

If portions of tke same vapour ])e eotvfuiod in vacu^ at unequal 
temperatures over equal j^paces of like condensing surfaces 
respectively at the temperatures of the vapours, the ratio of .the 
couteniporaneous increments of condensation will be equal to 
that compounded of the ratio of the temperatures and the ratio 
of the elasticities of the vapours. 

Let C, C', denote the condensations, T, T', the temperatures, 
and E, E', the elasticities of the va})ours ; and let r, c, denote 
the like things of another vapour, supposed to have the tempera- 
ture T of the former, and the megellnnerin of the latter. 

Then by Prop. IX. 

C : c ::E :c 

And hv Prop. X. 

e : :: V : T ' 

But by Cor, 6, Prop. IX. ofany former pa])er, 

T^:T '::c : E'. 

Compounding these ratias we get 

C :C‘::ET:E'T. Q. E. D. 

Cor . — Because E is as M T‘ by Prop. \Til. of my last pajier 
in which M sigiiities the megethinerm ; and because in the 
same vapour the megethmerin is as the specific gravity S, we 
have C as E T as S T'. That is, the iiicreinental condensa- 
tion is as the specific gravity and cube of the temperature of the 
v^.pour conjointly. 

On this Cor. ajul the -principle of va])oroiis tension, wliich 1 
shall presently demonstrate, depends the v\ hole tlieory of hygro- 
nietry, when properly considered, a subject wliich now 1 must 
dismiss with the bare mention of' its name. 

P u O P , XIJ . T H t: < > TL . X . 

If any portion of vapour be mixed witli any quantity of.incoja- 
densible tras at the same temperature, and be contained with it 
in a given sp^^ice o\er a given condensible surface, the incre- 
mental condensation will be the same as if there was no gas 
present, and the whole space was occupied with tlie vapour 
alone. Or the incremeutal condensation, cateris paribus^ of any 
mixture of vapour with gas will be as the elasticity of the game 
quantity of vapour occupying the same space as the mixture . 
does. * 

Gonceive the two airs to be so divided in strata parallel to the 
condenamg surfaces, that if the particles of eacli air were 
uniformly disposed throughout the corresponding strata, each 
air would be the, same nuaiher ofpartides thick Then because 
Uie gas itself does not condense, the ratio of the incremental 
con^nsations from the first stratum in each air, will, by what 
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we have before shown, be equal to the ratio compounded of the 
ratio of the numbers of vaporous particles in the stratum, and 
ratio of the numbers of returns which two corresponding 
{particles nnxke in the same time. 

Take A' for the megethmeriu of the vapour in the vacuum, and 
A for that of the mixture oi‘ vapour and gas ; and will be as 

the number of strata of tlie mixture in a giveri length, and 
a« the same thing of tlie vapour. And because the^megethmerin 
df the vapour most l)e equal to the number of particles of vapour 


•A*' 


in the same space in the mixture, — r will be as the number of 

^ A 

vaporous particles in the first stratum of the mixture, and 
A’ 

as tljc s?amo thing ill the pure vapour; thwefore, the ratio 
A * 


of these numbers is equal to that of to ;^y^, or of to 

^ A. But the tem])eratures, and, therefore, the velocities of the 
vaporous particles being equal, the ratio of the numbers of 
Teturns to the condensing surfaces of corresponding particles will • 
be equal to that ot'the patiis described inversely, or to that of the 
cub(? roots of the megt thmerins : or, in the pesent case, equal 

to iliat of 4^ A to 4'A\ Compouuding tliis ratio with the last, 
it will miike a ratio of equality. Therefore, the incremental con- 
densation is the same in the first, stratum of tbe mixture as in. 
tile first stratmu ot'tln vapour. By a similar train of reasoning, 
the same may be shown to be true with the second, third, and 
higher strata to the //th, from which no condensations may be 
supposed to take place. Tire sums, therdbre, of oil these cor- 
responding condensations, that is, the incremental condeii&a- 
tions of the two airs, must be equal. Q. K. I). 

Cor. l.—By this and the preceding proposition, it appears that 
rfC: be the incremental condensation of any vapour on a iirrrtv of 
surface in vacuo at tlie temperature T and ( lastichy^ E ; aird if 
S be the area of the condensing surface, C w ill be as E S T, 
whicli is a gmieral equation frinn wdiicli all the phvenomena of 
the condensation of vapours may be deduced ; and is equally 
true whether the vapour be in vacuo, or mixed with any quantity 
w hatever of gas. 

Cor. 2.— Tfom this theorem it follows, that the temperature 
remaining the same, the condensation of vapour mixed w itligas 
is neither increased nor diminished by the elastic force of it in 
conjunction with the gas, but is entirely proportional to the 
elastic force it would have if it occupied the same space with all 
the gas withdrawn ; a fact which plimnofnena confirm. 


Prow. XIIL Theor. XL 

hi every vapour confined over the surface of its generating 
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fluid, the temperature being the same, the njegethmerm is 
always the same, however much the space occupied ^ the 
vapour is augmented or diminished, provided there be a sutticient 
quantity of fluid to supply the vapour required. Or at the same 
temperature, the elasticity is the same whatever be the space 

tlie vapour is made to occupy . ^ x' 

1 have already shown that the higher the temperature ot any 
fluid, the greater is its increincntal evaporation, and vire verm. 
But at the same temperature, the cause being th;; same, the 
increments of evaporation must be the same. ! have bl^ow'ise 
«bown that the incremental condensation ot any vapour, tlie 
temperature being the same, is as its elasticitv. 11, theretore, a 
quantity of vapour be confined over its fluid, the excess or defect 
of the evaporation of the fluid will increase or dnimiisli the 
quaiititv of vapour until its condensation be equal to the conteiu- 
iKiraiieous evaporation of the fluid, or untd the e lasticity ol the 
fluid has attained a certain force. \Mien the elasticity has 
attained this force, if it be attempted to lie increased or dimi- 
nished bv forcing the fluid into the same space occupied b) the 
air, or by w ithdraw ing it, a part of the vapour w ill be eondeinsed, 
' or a part of tlie fluid evaporated, until the equddnnim ui cemden- 
salioii and evaporation, and, thereluie, the proper elastieity o 

the vapour, be restored. . 

This elasticitv, wliicli makes the condensation oi the vapoiii 
equal to the evaporation of the fluid, 1 slndl In lu eforwuul, aitei 
the e.vample of Mr. Dalton and M. Ihot, call the tension ot the 
vapour. 

Pnoi*. XIV. Til roll. Xll. 


The temperature being the .same, the nu remental evaporation 
of any fluid is the .<ame’, liowever -jieat or however >aiall the 
abrifona pressure units surface, however great or nowever 
little the quantity of. superincumbent vapour. 

This tlieorem is to be uuderstuod as tru.e only in evaporation 
strictly so called, that is. a decomposition at the -urf.ice, and 
not that interior decomposition winch produces ebidlitioa. 

Because the pressure of an incumbent atmosphere acts by 
repeated impulses on the surface of the body, and rot l>y a con- 
stant pressure surrounding and sipieezing to',|ether the jiarts oi 
the ijm tides, the actiou of such an atinospiieit , pKORiecl 
temperature be the same as that ot the fluid, however great its 
compression, will have no influence to accelerate or y**' 

corpuscular decomposition, or the absolute ev aporation of the Huiu. 
And since this is true of superincumbent airs in general, it must be 
true of superincumbent vapours ; and, therefore, the quantity ot 
superincumbent vapour, has no effect on the incremental evapo- 
ration of the fluid. Consequently tlie temperature being 
same, eveiy fluid evaporates equally fiist in a vaciiiira, and under 
an atmosphere of any compression ; and equally last m what n 
called a damp and iu“a dry atmosphere. 
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Cor. 1. — Hence if the incremental evaporation of the fluid be 
denoted by F, and the contemporaneous condensation of the 
superincumbent air by A, the apparent evaporation of the fluid 
will be F — A = F — E T, Prop. XI, Therefore, though the 
temperature being the same, the fluid would continue to evapo- 
rate equally fast under every circumstance of humidity and 
pressure in the superincumbent air, the apparent evaporation 
would only be as the excess of the evaporation of the fluid above 
the condensation of the vapour in the air. Let r be the tension 
of the vapour in vacuo at the temperature T of the fluid, then, by 
Prop. XI . the apparent evaporation of the water is as (r — E) T, 

F being the elasticity the vapour in the atmosphere would have, 
were it left to occupy the same space with all the air withdrawn. 

From tliis last formula it appears, that if the vapour in the 
atmosphere be very small compared to the evaporation from the 
fluid, the evaporation w ill be nearly as the tension of the vapour 
corresponding to the true temperature of the fluid, and the true 
temperature of the fluid conjointly. Mr. Dalton, to wliose ability 
we owe almost the whole of our knowledge of the laws of evapo- 
ration, has found that w ater at 212^ Fahr. evaporates at the rate 
of oO grains per minute. At this temperature the tension of# 
vapour IS 30 inches. Let t be the true temperature correspond- 
ing to 212^ Fahr. then the evaporation of water in a dry atmo- 
sphere at any other temperature, in grains per miniite, is equal to 

JLi grains, suppcvsing the atmosphere in which Mr. Dalton 

operated, was perfectly dry. 

The follovvino talde, whose first, third, and fourth columns I 
have copied from M. Ihot’s Traite de Physique, will show how 
this theorem agrees with the actual experiments of Mr. Dalton. 


Tenijx'rature 
of observations 
in degrees of 
Fahrcuheit. 

True temper- 
ature. 

; Elastic force Evaporation 

<>f the vapour 

jin inches of Observed in ( alculated 
mercur)’. grains. from theory. 

Errors of t heory 
compared with, 
experiment. 

212° 

ii72-(:) 

O 

o 

30-0 

30-(t0 

-00 

JHO 

114:i-8 

i 1.5-15 

15-0 

14-78 

—•22 

164 

i 1 129-2 

i 10-41 ; 

10-0 

10-02 

+ •02 

152 

1118-0 

! 7-81 1 

7-, 5* 

7-45 

-•05 

144 

1110-5 

j 6-37 i 

6-0 

6-03 

+ •03 

138 

1104-9 

i 5-44 ! 

.5-0 

' 5-13 

+ •13 


Mean error, —•015 


• In this fourth experiment, I tliiiik the printer of M. Biot's or of Mr. Dalton’s wwrk 
mujyt have made an error, which I liave endeavoured to rectity. It stands 8*5 in the 
Traite de Physique; but from the well-known care and skill of Mr. Dalmn, and the 
relation of the preceding and subsequent experiments with the tension in the third 
column, I would venture to say 8*5 cannot be correct. There is no question, I think, 
but 7*5 ia what Mr. Dalton observed ; and that the 8 crept in by the inattention of the 
compoiitor of one of the works. 
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We see here another beautiful accordance of our tlieojv with 
facts, and on a subject that, perhaps, philosophers w ould hardly 

expect. , ... 

It has beeu supposed that the evaporation is strictly propor- 
tional to the tension, but the precedinj^ table evidently sIm)WS, 
tliat the forniula 1 have given involve.s tlie true theory. When 
experiments^ car evaporaUon are carried to nuicli lowtu^ tempera^ 
tures, or made in atmospheres of high t(tm[)eratur(‘S, it is iieces- 
sarv to make an allowaiice for tlie propca* tension ol the yapoui 
in the atinospliere. IMr. Dalton it seems made his experuoeuhs 
in temperatures too low to produce any sensible efiect oii the 
numbers of the preceding table ; but in carrying the comparison 
to exptuiments of much inferior temperatures, the computations 
w'oulcl generally come out higher than experiments. 

If we want a, theorem to express tlie evaporation taking 
into account the condensation troin the aqueous vuj)Our in the 
utmosphere, and supposing of course that no part of the eva- 
porated vapour recondenscs on the water, or that, if it doesy 
it is proportional to tlie quantity evaporated, our theory gives 

.JL ^ where s signitics the absolute evaporation in any 

♦ / r' ^ ' 

given measure or weight at some fixfMl temperature /, for a 
determinate small portion of time ; r' tlie tci^sion ol‘ the v apour 
at the fixed teinperalure / ; T the temperature of the water, r 
the tension of its vai>our at this tempt ratui v f ; d/ the leinpeni- 
lure of the alinosphva'c, and K th(‘ eiusticity tin' va[>our in the 
atiaosplu i’c wcmld havi-, were it to occupy at the same terniieru- 
ture T' the same space in a v acuum. 

This tlieorern is easilv reduci d to that 1 have gtva ii above ; 
and by a little trans|>osition many intere.Nliiia things may be 
shown to flow [rrmi it ; l)ut I lia^t^m t ^ otlu r matreis. 

C,)/\ 2. — liv the thevuv' ! have givi.n, ii a|>jMjai's that tin* incre- 
ment of coiidv nsalion depends exclusiv ely on the tenqmralure 
and space occupied by the aqueous vapour ; and it is oi no con- 
sequence vvhetlur in that space there Iw none, little, or much, 
of any other iinoiiidensible uci ifonu Inmy. Ht uce iollovvs v hut 
has been thought a very singular ju’operty of vapours ; uumely, 
that mixed with any gas in a sutlicient propoilioii they are 
capable of supporting an ludelinitc weight, but alone only a 
certain one according to the lemperalure. diic complete solu- 
tion of this paradox is, that water aUa giv en temperature evap' 
rates at a given rale vvhati’ver be tlu; sujrerincumlient pressure : 
and vapour at a given temperatme condenses at a rale inveisils 
proportional to the space through which it is diliiised, without 
any respect to lire elasticity of die mixture of vvliich it is a part. 
Therefore when this space is too great, the evaporaUon of the 
water, if there be any water, will gain on the condensation of 
the gas, until the one baUinces the other, and then tlie vapour 
will nave attained its proper tension ; but if the space he too» 


1821.] Causes of Cahvific Capadtij^ Latent lient, 376r^ 

little, tlie evaporation from the water will fall Khort of the coiiden- 
saiion of the vapour, or the re- evaporation ot‘ the vapour, as it 
condenses on the sides of“ the vessel will be less than the coo- 
densation ; and thus the a[)pareiit condensation will increase 
until tlie vapour is reduced to a proper tension. 

By these view s and the tl>eorern '^iven towards the end of the 
precedinji,' corollary, it is easy to ascertain from the celevily of 
evaporation, the quantity of aqutsius vapour at any time in the 
atmosphere. 

This theory demonsfi’ates the absurdity of the doctrine of 
atmospheric saturation by iujueous vapour, if* we admit such a 
doctrine as this, we must likewise admit the saturation of a 
vacmun ; for even a vacuum at a ii;iven temperature can only 
omitaiii a dehnite dose.*’ But if we are determined to havo 
saturation, to make the ihinu' ap;ree with plueiioniena, we must 
iutroduci liie saturatioii of* space. \vh> must u:raiii what i fear 
will not easily be ackmovU dut d., that sj>ace can be saturated 
with one lihn^*, and at tlie same time adnat any qaaatity of 
another without inconvenience or (onfusion. Such an hypo- 
tliesis as tiiis canies, j>eiiia|>s, too inucli the face oi iniprobabb 
litv ; but ii* w e do iiot (iiscaru saturatuai, 1 caivnot see liow we * 
( an rep'ct it. 

Cor. d, — \\ Mum the mcucthmeria of tiie \ a]>oiir in tlie atmo- 
splicre is equal to that whu'h is (hie to the tension of the vapour 
at that teuij>crdlure, the conclei.gaiion any nun-absorbent 

will just balance the rc-evaporation ; and the sides ol'any vessel 
('ontaiuine; sucli an almuspherc would iicitluu' aj)|)ear reinaikably 
damp orreiuarkably (liyyfmt any absiirbent in such an atmosphere 
would be taoiiiplctelv darnj). id, however, tin; air was co’rijjrcssed 
hut ever so liiHino;, tl.e mep^eliuiierin (d’the \a]>\)ur weuid become 
l(Mi u'reul, siune of Ur.;: va|)our would eoiideit:^e, and the surlace 
ot ibc iuuiv would appcau to la- eovciaw; wiUi a shylit drnyu/ncss 
or dew. \V ere tlu’ coinpiw-mvui carnrd farther, the (luanUty of 
dew wouid ol‘ course mereuse, and v'rould 1)0 proyMaUrji^al to the 
(legree (d conqfres aou Irorn tire [voinl whi re tlu; condensalion 
and e\ aporatiun balance. i>n the contrary, the aridity ot the 
sides or air would idso bo imu’cased in |.)io])oi tion to the raretac- 
tioM Irom the same point of bulaiice or e^iudilmiaa. We can, 
theveldre, extract vajiour ul’ auv kind iVoni a. body by simply 
rarefyinn- the air in wliich it is |)laced. And if this rarefaction 
at proper intervals lie caniml? to a suilieicivt lengtii, we may pro- 
(hice an ellectiial (hwiixalivm. 

By tin; a|)plication oi‘ this prineijile, we arrive at a simple 
method of obtaining an almost perfect vacuum, if a body Inch 
evaporates with tolerable eas(; containing a suhicieot quantity of 
humidity be introduced into aroccivev by UK'aus of an apparatus, 
by which it may be easily (niclosed or exposod, a thing which it 
d no difficult matter to contrive, the air being as muck as jmssi- 
bl0 eidmuiitecl, ami the damp body exposed, tlie evaporated 
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vapour will mix with the remaining atmosphere and increase its 
elasticity ; so that after a little time the pump will again act, and 
a consiaerable portion of the remaining atmosphere may be 
extmcted with the vapour. This process repeated at proper 
intervals, the atmosphere may be exhausted to almost the last 
particle. The damp l)ody being now withdrawn, and a desicca- 
tive exposed, either by letting oft mercury with which it niay 
have been covered , or otherwise, the whole of the vapour might 
be absorbed, and nearly a Torricellian vacuum obtained. A 
process something like this has been used by Smeaton and some 
of the French philosophers, but being unacquainted w ith the 
true nature and laws of vapours, they could not bring their ideas 
to that practical perfection which it is hoped the laws here deve- 
loped will enable them to do. 

A phienomenou of the kind 1 have just been mentioning has 
been remarked bv M. Biot, which often puzzles young philoso- 
phers. When the air has been extracted })y the air-pump until 
it has no longer strength to raise the valves, we find, il the appa- 
ratus be let stav for some time, that the pum|) will act again, and 
extract a considerable quantity of air, tliough we are certain the 
* apparatus was so tight that none could liave introduced ilselt to 
the interior. This arises from the slow and gradual conversion 
into vapour of the humidity which almost always adheres to the 
interior and sides of the apparatus. 

Since the megethmerin of any vapour may be so increased by 
compressing tlu^air in which it is contained that tlu‘ momentary 
condensation shall at length exce ed tin* re-e vap<‘ratiun ; and 
since we know that this will be the case whvn this Tne^getlunerm 
exceeds by ever so trifling a deerre that wliich is due to the 
proper tension of the vapour at tlie temperature of the atmosphere, 
we can evidentlv, hy compressing tiie alnuvsphen^ until a slight 
dew just beirins to appear, and by determining the amount of that 
comiin^ssion, ascertain tlie dampness (>r(|uantit\ oi vajxuu in the 
atmosphere. Let m' lie the rnegethmerm of the vajmur at its 
proper tension, and ui that of the vapour in the atmos])hen; ; and 
let the dew just begin to appt ar when the atmos[)here is com- 
pressed in the ratio of r to 1 . Then the megrethmerm m must by 
this compre.ssion be increased in the ratio of 1 to r, and becomes 

r nif and must be equal to m\ Wlience ni = - . Iherefore, tn 
^nd r being known, ni is known, that is, the quantity ol vapour in, 
a o-iven volume of the atmosphere. 

^Cor. 4. — There is another method of determining the quantity 
of aqueous vapour at any time in the atmosphere by ponnng into 
a glass vessel water at different temperatures inferior to that of 
the atmosphere, and observing at what temperature of the water 
the vapour of the atmosphere just begins to be deposited in the 
form of dew on the sides of the glass. At this tempe^ture, the 
megethmerin of the vapour in the atmosphere must evidently be 
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equal to that due to the tension of vapour at the same tempera- 
ture. Let us denote the higher temperature, or temperature of 
the atmosphere by t, the corresponding tension of the vapour 
by T, the megethmerin of the vapbiir in the atmosphere by M, 
and of the vapour at its proper tension by m ; and suppose E the 
elasticity, the vapour in the atmosphere would have occupying 
at the same temperature the same space in vacuo. Also let t' 
be the proper tension of the vapour at the lower temperature t\ 
or at that temperature at whicli the vapour of the atmosphere 
begins to be sensibly deposited, and m' its megethmerin. Then 

being the megethmerin of the vapour in the atmosphere at the 
tempei-ature by the laws of gases, and supposing the atmo- 
.■spheric pressure the same, 

m' : M :: f 

But t' : E :: in' / ' : M t ' 

by tlie laws of oases in my former paper; consequently r' = E; 
that is, the elasticity of the vapour in the atmosphere, had it the 
same temperature and megethuK rin in vacuo, would be equal to 
the tension of the vapour at the temperature at which it sensibly 
liegins to be deposited or to form dew. Therefore t : E or 
M": t : t\ and consecpiently the harnidity of the atmosphere is 

equal to ^ , perfect humidity being, at the temperature sup- 
posed to be when the megethmerin is the same as that of the 
vapour at its [iroper tension. 

Mr. Dalton, and after him M. Biot, in the celebrated Traitc dc 
Physicjue, luisuiven aditlerent method of determining the humi- 
ility of the atinospliere ; but tlicsi' plnlosopliers not having the 
advantage of a knowledge of the true nature and laws of aeriform 
]>odies could scarcelv avoid falling into some inconsistencies, 
where tliey luid not e.xperiment to direct tliem. Mr. Dalton, 
says M. Biot, determine le degre precis du thermometre, qu 
I’humidite de i'air conmicnce a se deposer en rosee sur les parois 
exterieui’es dii vase. Quand il conitait eette temperatuie, il 
calcule lal’oree ehistique de la vai>eur qni y correspond, et cette 
force, ramenee a la temperature exterieure par les lois ordlnaires 
de la dilatation des gaz, est precisdment celle de la va[jeur aqueuse 
qui se trouve actuellement dans Fair.’’ Now 1 do not know^ of 
any reason why this should be the case. On the contrary, expe- 
rience proves that in a given space the quantity of vapour over 
its generating fluid is not augmented nor diminished by the pre- 
sence or absence of any quantity of atmosphere; consequently, 
if at the temperature where sensible deposition begins to 
all the atmosphere could be taken from the vapour, and this leu 
to occupy the same space, its elasticity and megethmerin woidd 
be the same as the tension and megethmerin of vapour over its- 
fluid in vacuo, which precisely accord with our theory* But the 
pressure of the atmosphere teing the same on the compound 
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ma»» of va]>oi»rand gas at the two temperatures, tlie elasticities’ 
ofi the compound must be the same at both temperatures. 
Therefore, and because the proportions of atmosphere and vapour 
are supposed to be invariably the same, the elasticity of each 
must be the same at either temperature ; and, consequently, the 
elasticity of the vapour in the atmosphere is, as our theory deter- 
mines it, the same as the tension of the va|)our corresponding to 
tlie temperature at winch sensible deposition commences, and 
nut greater or less, it was for w^mt of considering this equality 
of pressure in the atmospliere, i e.onceive, that the above two 
able philosophers, and all who have followed them, have run 
into eriws on this part ol the subject. 

A prctlv instance presents itself for verifying the truth and 
consistency of this and the juxeeding corollaries to tluKse who 
choose to try it. In the preceding cor. I have said that sensible 
de'position will coninu nee whciv* tiui inegetluiH rins of the vapour 
in air and in vacuo are ecjual ; that is, whan the elasticity proper 
to tlie vapour in tlie atmosphere is eipial ts) the |M’Oper tension 
of the vapour at that teiiiperature. JUit t is by tins coi’. the 
proper elasticity of die vapour in the id mospliert , which, to make 

it equal to r, must be multijuied by ; that is, to pnaluce sen- 
sible dejiositioa at the same teiuperalure, t rie ;ur iiiust Ijc con- 
densed in the ratio of the tension cuiTespondiiig lo t he terojiera- 
ture at winch sensible deposition takes (ihu e to tiie U usion 
corresp-onding to the Uanperatui e cd' tiie atumspliert.;, 

\¥e perceive l>y the present corollary tiiat the apparen’i humi- 
dity of the atinosjdiere does not depend on tlie ali.soluti! (piuntity 
alone of vapour it eontaias, Imt on the <|uantdy as conijiared to 
thali which could exist over water in vacuo at the saiiK’ tempera- 
ture, or on tlie absolute quantitv of viijiour ia thv* aUnO' phere 
and the teiiiperature cor. joint Iv. lienee tiic ap[)are!it luumditv 
is not: a measure oi'ihe ab.vohne <|ii;ndilv m* jU'oporlioii of aqueous 
vapour at diitiu'ent teiiipciatures ; and, errn: ojCjuenUy, ail our 
hygi’cmetricaJ instriUiK ias vvhic h are grousided on the principle 
of aj 5 :ipareBt humidity do not in any wise serve to discover the 
real quantity of hiuniditv, unles.s a due regaril be had to the 
temperature, hkerefoix:*, in all cases where the absoiute humi- 
dity is sought, the teinpeiTituie must be taken into account. 
Thisf may be deme f >r ail temperatures under tlie boiling of* water* 
l>y the table computed by Mr. Dal u>n from ins experimencs ; and 
lot tlitise and all other temperatures by a simple theorem I sbalL 
|V«8entIy givej 

liy this: theory^ vve perceive that a warm atmosphere with the 
saiije a|>j>aareiit aridity contains more vapour than a colder ; and. 
lietica in any paitienhrr place the day air contains more humidity 
than die night, the evening than themoriuiig, the summer than 
the winter air, and tha lower regions than the higher. Now 
philosophers, 1 believcf, tell tis, that tlieie is tbe samte proportion 
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of oxygen to uitrogen in a given portion of atmosphere^ whether 
it be token within doors or without, irotu the cabins of siekneas,; 
or the iimnsions of health, from the highest regions of the air or 
the surface of tlie eartli, from the sea or tiie laud, from the torrid, 
or the irigid zone. If this be the case, it cannot, therefore,, be to 
any excess or delect of oxygen that the satobnty or insalubrity^ 
of the atmosphere in some places is owing. .Does not the 
healthiness or unhealthinesB ol the air depend on its absolute and* 
not comparative (jiiantity ol luiinidity ? Graniing sucli to be the? 
case, vve sliould say tliat high and elevated regions are more 
healtliy tlian low ones ; dry absorbent soils, as limy* and chalky,, 
than clay and marshy ; dry and cold climes, than warm and damp;* 
ones. And in tlie same place, we should say the morning air 
after a cujhous deposition of dew is more healthy than the even- 
ing, when tlie dew is beginning to precipitate ; the winter more, 
healthy tlian tlie vsuiumer ; a cold dry at inospliere more healthy* 
than a warm close one ; a windy agitated air, which carries off, 
and thus preveiiis from being inlialed, the continual exlialationsf 
from the body, more conducive to health than a quiet still one. 
We sliould likewise sav, tiiat large conllned towns in which tiie 
air is generally warmer, more (juiet, and more hiiEiid, from the, 
continual culinary opeiulimis, and the great quantity of animal 
exhalations, are much more insalubrious than open country, 
situations; vvlierc lliere is not that immense collection of animal 
matter; wher(' the (.ajld is commonly greater; where no artificial 
lieats are ktfpt up; wliere liumiditv i'f>liuvving the ordinary laws of 
nature can be ucjx siU'd, and thu>. for some hours at least, render, 
the atmosjihere more dry and more pure; where the winds can 
blow with unrest rained I reediun ; anti where the air, ii I may six 
express myseh’, lias room t<* be purgHol and to be purified. Jsow 
tlie truth is, that ail lltese conclusions are known to be correct. 
Dry soils and high situations have always been iirelerred for 
lieakli. Danq) low islands where togs prevail are usualiy allowed 
to be pernicious. The morning air has been always considered 
one of* the greatest prtuaoters of health ; which has received a 
beaul ifui illuslrution from some researches of one of our judges, 
who found that out of SOU individuals that had attained an; 
€^xte^dcd a 52 ;e, their habits agreed in one point only, early rising. 
A brushing cold day is generally conceived more healthy thasi a? 
warm nmggy one ; and the country is ever allowed mor^ salu- 
brioUvS than tiic city. In those climes, as in AbysskTia, Sec. 
where the lains last for a considerable period, tire sickly 
commonce and terminate with the rams. Even a Ikne kiln, I 
have been inibrmed, contributes to tlie healthiness of the neigh- 
bourhood. This probably depends clnefly on the desiccative 
property of the lime absorbing and condensing within itself tliet 
vapour of the atmcs[)here, thoughiiuie indeed has another |>i?operty 
not less salubrious, when exposed to the air, that of absorbing 
carbonic acid gas ; but tlie beneficial efiecto of this are, perhaps. 
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more than counteracted by its absorption of oxygen. Many 
other facts might be adduced which experience has taught us, 
to show that insalubrity depends chiefly on the humidity of the 
air, and, tlierefore, most probably, on the absolute quantity of 
vapour it contains. 1 do not mean to say that the unhealtJiiness 
of air is exclusively due to its aqueous vapour. Probably other 
matter which it releases in the violence of its efforts to evapo- 
rate, and which consequently ascends with it. or most likely 
adheres to its particles, forms a more pernicious element than 
pure vapour alone. With this view we should still say that in 
any particular place the unhealthiness of the air depends on the 
absolute quantity of its vapour ; but on comparing the airs of 
different places, \ve should conclude, that tlie insalubrity depends 
conjointly on the absolute quantity of vapour and the quantity 
and inimicability of the other matter it contains. Hence one 
reason why the vapour, and, consequently, the atmosphere, of 
the sea may commonly be more healthy than that of the land ; 
for the vapour raised from the sea is most probably more faithful 
to the pure constituents of water, oxygen and hydrogen, and 
much less contaminated with extraneous matter than the vapour 
raised from the land. Tlie breeze, however, wliieh usually pre- 
vails on sea, bv incessantlv changiiig the air we breathe, and 
carrying off any noxious exhalations, constitutes no immaterial 
part of its healthiness. By these views we see also why one 
place shall be so uniformly healthy, and another so uniformly 
unhealthy ; and why a place which is equally cold, equally high, 
and equally dry, with another, shall, notwithstauding. be less 
friendly to the human constitution; for otlier things being the 
same, the salubrity of the air depends on the soil which gives 
birth to its vapour. Supposing, however, a perfect equality in 
other matters, pluenouicna appear to me to mark aqueous vapour, 
however pure it may be, a.s by no means beneficial to health. If 
this be the case, it will remain for philosopliers to determine in 
what this pernicious prjnci|)le consists, and the mode of its opera- 
tion. Judging from the nature of the elements of vapour, 1 should be 
disposed to attribute it to the hydrogen. But this is little more than 
mere conjecture. Oxygen itself, combined with hydrogen, in the 
form of vapour, may be, perhaj)s, as inimical to tlie human constitu- 
tion ashy cfrogen or nitrogen alone. Speculations of this kind, liow- 
ever, belong not to the mathematical but the medical philosopher. 
I have gone a little out of my way for the sake of exciting among 
those, in whose province it more immediately comes, successful 
inquiry into a subject w hich is of the utmok importance to man- 
kind. Whether my views are deserving attention, and my 
wishes shall be seconded by the efforts of others or not, can be 
to me, as an individual, but of little consequence. The raotivea 
which prompted me to deliver my sentiments on this subject flow 
from an idea, which has ever appeared to me to form the true 
estimate of human attainments and discoveries ; namely, that 
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they can be but of little value, however great, or however splen- 
did, unless they conduce to the comfort, or add to the conve- 
nience and benefit of mankind. 

From this corollary, a curious method presents itself of drying 
a room with cold water. For if a large vessel of water below the 
temperature at which the vapour of the atmosphere in the room 
would be sensibly deposited, be brought into the room, the water 
w^ould ra]:)idly condense all the vapour which contributes to make 
its elasticity in a vacuum more than the proper tension of vapour 
at tlie temperature of' the water. If, therefore, the tempera- 
ture of the water be sufticiently low, a very considerable part of 
the \ apour may be condensed, "and the room rendered apparently 
very drv. Such a method as this is familiar to philosophers, but 
they have not yet succeeded to bring the effects to mathematical 
rulets. The thing, however, is very easy. Let r be the tension 
of vapour correspoiulimg to the temperature of the room, t' the 
same thing corresponding to the temperature at which sensible 
deposiiion'^coniniences,and t' the tension of vapour at the tem- 
perature of the water. Then, by this cor. the humidity of the 

air is ^ , and the humidity after the water has condensed alljt 
can “ . 'fhe effect of the water, is, therefore, If t ' be 

j T 

less than /, the water contributes to dry the room ; if 
it produces no effect ; but if r" exceed it tends to make it 
dampc r. 

Do not these views present us with a simple efficacious inetliod 
of rendering the air of a room where there is a. large company 
more healthy l)y condensing the noxious vapours as they ascend 
on a current of cold water, or on a surlace of broken ice near 
the ceiliuu' 1 Dv eitlier of tiuse metliods, hut especially the 
last, the air of a room, if the ice he jdaced in difi’erent parts before 
the comj)any enter, mav lie preserved u holesome wliere the party 
is large v. ithout any sensilde iueonvenience oroHence. The ice, 
if ill large pieces, amII take a v(uy consitlerable time to liquefy, 
and tile condensations from tlie exterior of the vessels may be 
caught and prevented fi\)m falling on the cain})any in reservoirs 
of ob\ ions contrivance beueatli. 

A method tirst, I lielieve, prv»|>osed by Dr. Franklin, has, within 
these few years, been practised of heating rooms with air that 
has passed through a warm t ube. Such a method is very simple, 
and, perhaps, not veiy insalubrious, provided the pipe be not too 
iiot, and the air come from a dry and healthy region ; but if tlie 
pipe derive its air from a damp atmosphere, or a low humid 
situation, it is fraught with much inconvenience and mischief. 
I recollect hearing some of my friends in Bristol, who had rooms 
heated this w^ay, with pipes receiving their air from near the 
river, complain much of an unpleasant dampness the heated air 
brought with it, while another gentlemen, of considerable science. 
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-y hfw- » *p4*p t<hs in a drier and more elevated region, assured me 

■bemever perceived the least tendency to dampness, much less 
did he experience any inconvenience from such a tiring. A 
»iomle desiccative substance put near the mouth of the tube in 
ctlie former instance, and fref|uently renewed, would probably 
mbvkite the dampness complained of. However, under all cir- 
ammstances, the constant renewal of air which fire occasions 
lappears to me much more conducive to healtli, if it were only 
“ife dissipating and carrying off'tlie incessant exhalations of the 
body, than this new method. To be convinced of tlie utility of 
Hire in changing the air, one need only enter a room from tlm 
fresh air wher^ there is a fire ami <'ompany, and afterwards 
where there is an equal company and no fire, and he will not 
'want to be told w'hich is ihe more healthy apartment. 

Cor. 5. — The ready intermixture of gases one with another, 
«ml of aqueous vapour with the atmosphere, has long been a 
•problem of considerable difticnlty with philosopliers. To account 
iorphaenomena ofthis nature, they have created a kind of attractive 
uffinity between the parts of difierent bodies, and yet with this 
assistance they find it no easy matter to give to their views even 
the semblance of probability. Our theory accounts for such 
phenomena from the nature of the bodies, and, therefore, 
explains the mixture and ascent of aqueous vapour in the atmo- 
sphere from the principles of constitution. In every evaporation, 
however, the evaporated particles, by striking in all directions 
against the particles of the atmosphere, must necessarily occa- 
sion reflections of many of the vaporous particles to the surface 
of the fluid. Of these reflected particles some of them must 
wridenriy be recondensed on the fluid; and as the chance oi’ 
■striking' Witli their condensiWe sides is in proportion to the 
muantity reflected, and the quantity reflected to the (juantity 
ievaporated,the quanrity recondensed will he in proportion to the 
quantity evaporated. Therefore tliese recondensations will not 
any ways aflect tire truth of the propositions I have advanced. 

if evaporation takes place in a stdl atmosphere, the reconden- 
satioB vwll (proceed without interruption ; but if a current of air 
-passes over the surface of the evaporating body, the vapour a.s 
It is raised will he in part carried ofl', and the recondensation on 
-a limited surface diminished. The greater the current the 
-greater will be the efiect, and the less the amount of recondensa- 
iion. In moderate winds, the diminution of the recondensation 
ovill be accurately proportional to the currei^, if the evaporating 
surface has a seiMible extent ; but when the velocity of the cur- 
rent is very great, or its ratio to tlie linear extent of the evapora- 
ting surface exceeds a certain quantity, I find the decrement of 
recondensatian follows a different law. Of these things, how- 
'ever, I imiy treat more fully hereafter, when I shall be better 
•provided with ejqrerime^ts to verify the laws I shall develop. 
Beoaose in moderate currents, that is, in all such as we 
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usually e.xperience, the decreuumt of recondensation >is .prapor- 
tional to the wiiole recondensation and the velocity of the wMd 
conjoiuUy, and the recondensation is profwrtional to the wdrole 

evaporation, the apparent increment of evaporation occasioned 
by a current of air over the surface of an eva[M:)ratin<r.fliitii] is 
proportional to the velocity of the curretii and the evapomtion 
con jointly. This conclusion agrees with the views of Mr. Leslie 
oblitiiied from experiment. 

1 Imve yet been s|)eiik.in^ ol (jurronis p^iriillel to tbe isnrfiioe ojp 
the iliiid, but matlieinatically looking at the subject, thevt-seems 
to lie auotlier source of anoinaiy iu evaporotioil. When the air 
blows parallel t o the surtace, tlie mean collisions of the particles 
ol air against those of the fluid are, perliaps, not increased by the 
velocity of the current ; but if the air blows obliquely on the 
surlac(.s it, secuns reasonable to suppeise that the intensitvoof 
collision is au^iiieuted by a rpiuntity proportional to the cosine 
of the angle of incidence and tlie velocity of the current con- 
junctly. lliis increase of collision is equivalent to an increase.of 
tempeiatun*, and, therefore, oiiglit to produce an increase of 
evap< ration. Assuming what, perliaps, does not in this -case 
jiiateriaily ditier from tlie truth, that the increment of evaponv 
iion depending on this cau.se is proportional to the increment of 
cuilision, the inerement of evaporation will be equal to the con- 
tinued product of souh! ccnstuiit A, the cosine of the angle of 
incidence, and the velocity of' the wind. But under these 
circumstances of ublicjue currents, the incremental evaporation 
before alluded to is also eqiuii to the continued product of some 
constant a, the sine of the angle of incidence, and the velocity 
of tlie wind. Therefore, the maximum of apparent evaporatimi 
will be w hen the sine of the angle of incidence is to the coBMe 
as </ is to A. 

Philosopliers who may be engaged in experiments on eva?j')0- 
•ration wdll not, tK 3 rhaps, tidie amiss my recommending to their 
attention the influence of oblique currents on the apparent acce- 
leration of' evjq^oratiou. lixperimeuts ol* tliis kind, and a multi- 
tude ofotlmrs 1 have iu coritemplatiwi toaaake^ will, ;Iifear, iby 
me neceSvSarily be subject to he loug ou the list of inlendeii 
consideration. Philosophical experiments, where delicacy -and 
precision are required and united to an almost boundless 
of view, and w here the ardour of research is damped by unusual 
discoumgement, need more than tlie efforts of a solitary indivi- 
dual to compass and to carry into successful executiim, Though 
Bince my arrival at Cfauford no pemon could have been more 
fortunate in a part at least of his scientific connexion, yet I 
seriously feel the want of those good offices and assistance iu 
niy philosophical inquiries the friends I have left in Bristol were 
cjver ready to .grant me 4 and none do 1 feel tlie want of more 
than those of my respected friend, Jolin Hare, Jim. gen- 

tleman *who, though taking a leading partdn ^e mo^t ex 
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concern of its kind in England, can yet find time to attend to the 
advancement of science, and to promote with unlimited zeal 
every thing which has the prospect ot benefit or * utility to 
science and the coftnnunity. 

We see by this corollary why a current of air ni apparently 
increasing* the evaporation hkewisti diminishes the tempeiature, 
and, consequently, the reason of the common method of cooling 
bodies, as meat, u ine, by wrapping them in wet cloths, and 
placing them in a current of\ir. Were the superincumbent air 
fraiio-ht with sutticieiit vapour to make the condensation equal to 
the evaporation, the momentary diminution of temperature result- 
ing from the evaporation would be balanced by tlie contempora- 
neous increase of temperature arising from the eijual condensa- 
tion, and the fiuid would remain of tiie same tempeiature. Ihit 
were tlie condensation greater than the evaiioration, the temper- 
ature of the fluid, as long as tiie excess continued, would rise; 
and if, on the contrary, the condensation was less, tlie tenqaia- 
ture w^ould sink. Now* a current of air, we have shown, increases 
the apparent evaporation : it, therefore, diminishes tlie tempera- 
ture. . 1*1 

Dr. Wistar, in the Transactions of the American l^hilosoplncal 

^Society, infoniis ns, that apparent evaporation takes place when 
the moist body is warmer than the medium in which it is 
enclosed; and, vice vecsuy apparent condensation when the 
enclosed air is warmer than the body. I bis, undei the ciicum- 
stance of enclosing the air and a suliicient quantitv of vapour 
being already raised, agrees with our theory ; liut it the aii be 
unconfined, it may nut liold good. Apparent evapoiation in 
this case will depend on the quantity of vapour in the an imme- 
diately over the fluid. 

A current of air is not from this theory indispensably necessary 
to increase the apparent evaporation. Simple agitation of the 
air, if it equally disperse the vapour and diminish the reconden- 
sation, will do as w ell, which agrees with experiments. 

Because the ai>parent evaporation is increased by a current ot 
air, it may happen that water of a lower temperature in a current 
or an agitated air uiav lose more by evaporation in a given time 
than w Ser of a mucli siq)ei u)r temperature in a still utmosplieie. 
It may likewise even happen, that ice itself w ill lose more w eight 
by evapoiation when placed in a strong current than water of a 
considerably higher temperature in a quiet air, particularly also 
if there be much vapour in the air. This indeed has been 
found to be the case. Calculations on this subject may easily be 
made, from the theorems f have given to show the force and 
extent of tliis view by any one who likes to amuse himself 
with them. 

Considering that loss of temperature must always accompany 
evaporation when it is not balanced by recondensation, and 
knowing that the vapour in the air is scarcely ever sufficient to 
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make the recondersation equal to the evaporatiou. it appeared to 
me that water ought generally to be of a lower temperSure than 
the atmosphere or than any othor fluid which does Sot evaporate 
so hist, fo satisfy myself, as I did not know of any experiments 
on the sub,ect whether this was the case, and how much it mav 
oidniaiily be, I made the following experiments.*' 

I took a glass bottle containing between 4 and 5 lbs avoirdu 
pois of rnercuiy, and put it in a cup of spring water, in order to 
produce an equal temperature in both. After it had remained 
here for some time, half an hour or more, I took four wine 
glasses, two of one kind and two of another, two thin and 
something of a semi-prolate-spheroidal figure, and two thicker 
apjiroaching the figure of common beer casks, with about a third 
of the upper part cat off. 1'hese glasses, which I knew were as 
neaily it was possible to have tliem of the same temperature 
because they had been togetlier fbr days in the same place, f 
put ill a row with the two thin glasses on the right, hand on a 
table in the centre of a room without fire, about 13 feet square, 
f.ie rigid hand glass, and the ne.vt but one, were nearly filled* 
with mercury, and the other two were similarly filled with the 
water i have mentioned. By this arrangement I had the glasses * 
alternately mled with water and mercury, and one of each 
kMKl contaiiimg the same thud ; so that I conceived I ehoold 
thus olniate any discrepancies arising from the sizes, figures 
and tiwckneKses of tlie glasses, and tlieir position m the room! 
lietwxen the o middle glasses, on a book, 1 laid horizontally 
with its bull) projectiijo- several inches off'a delicate thermometer* 
on the scale of which I could easily read off' to the one-stsith or 
with care even to the twelfth of a degree of Fahrenheit. After 
aHowiiig all ihings to remain in this position *<nim tiwe, I 
observed «t nine hours, p. m. 

riie tei«i»ei»tttre of the room 68f° Fahr. that of the 
Mercury, left handglass, 68f ; right hand glass, 68| 


Water .... 6“ 


6 y 


671 - 


Tliis day had been exceedingly warm and drj% L^Jamg all 
tlungs remain in tlieir present position until a quarter before sue, 
iiie juext morHiug, I thcii found 

The temperature of the room, 60°. 

Mercury kft glass, 66 tC ; right glass, 

Water 60/7 ; 05.^. 

At 8-t hours, a. m. temp, of the room was 65|®. 

Mercury, left glass, 65; right glass, 65 
Water............ 04^; .......... .64^. 

*ir.„®** WBfing tM«, t Sm an «q>eiiment of this descriplian hm hetn iihi 3« Iw fflte. 

•w on a imny extennre wale: hu object, hoyever, arassoiBWrtat IWliitiutmuMla. • 
■tVetc Senes, vot. n. 2 c 
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At 10-t hours, a.m. temp, room 67^°. 

Mercury, left glass, 67; right glass, 67 
Water 66-^5 

At 1 hour, p.m. temp, room, 69,^. 

Mercury, left glass, 68.^; right glass, 68|. 

Water. <^8; 

‘At S-h hours, p-iii- room, 65-/.^. 

Mercury, right glass, GO^V ; left glass. 

Water 66^\ ; 66 

The next morning at six o’clock, the room was at 60-/,,°. 
Mercury, left glass, 66 ; right glass, 66 
Water ' 

At 9 a. m. the room was at 62|°. 

Mercgrv, left glass, 62§ ; riglit glass, 62-;!- 

Water.- 6l-t; 61.;' 

• Between the two last observations, the window had been put 
onen to try whether the damp air, owing to a little ram winch 
X falling, would have any eftect. A current ot air had also 
sometimes been allowed to pass through the room by setting the 
door open, but I could not perceive it produced any coiisideiable 
effect on either glass in particular, (leiierally, as the experi- 
ments indicate, the temperature of the n-'ht hand glass of water 
was less than that of the other, though the left liand glass was 
towards the window. This I attribute in part to the excess ot 
superficial exposure which the water had in the left haiul glass ; 
the exposed superficies being nearly in the ratio of o to _. I he 
depth,* however, of the water 111 the left hand glass was only 

about ~ of that in tlie other. In the glasses with mercury, 

the differences of the temperatures were, except in one or two 
instances, so trifling, that 1 could not appreciate tlieni. JVor 
could I discover anv inequality of temperature 111 the top, 
■bottom, sides, or middle, of the same glass, though 1 took great 
^are to detect it. It should likewise be mentioned, that iii mak- 
ing inv observations, I noted the temperature of the atmosphere 
before* I removed the thermometer from the book ; and to avoid 
beine; obliged to wipe or touch the ball of the thermometer, 1 
immediately afterwards took the temperature of the glasses of 
mercury deferring to take that of the water until the last, that 
no error mkht arise from the influence of aqueous particles 
adhering to the bulb of the thermometer. In the subsequent 
table, 1 have brought the results together, and computed the 
jgtrithixi^tical means. ^ 
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Totals 

Means 


Temp, of tile 
room. 

Mercury in the 

Left glass, j Right glass. 

Watei 
Left glass. 

in the 

Right glass. 

68.f 

66 

f)'5-^ 

67-y 

69i 

,■ 

()5y^ 

62 f 

GS^° j 68-° 

66tV I 

65 : 65 

67 \ 67 

66-p, 66.^«,. 

66 ' ; 66 

62- j 02i 

60 -j?r 

64i‘ 

66j 

68 

06v^„ 

GH 

67^° 

65-rV 

64-!- 

GGir 

67-- 

66'’ 

65t!-,- 

61f 

530^ 

53UyV i 530 t1V 

525t-V 

524,% 


6f:)f,|f ; 66-;”!. 


6GU 


From this table it ill be seen, that the temperature of the 
mercury ditterec at a medium so little from that of the atmosphere 
^ not to exceed -ij,, ol a deg:rec. The mercury, it would seem,. 

Jiff "gf'er than the atmosphere; but the 

dithculty o inakuio- the observation to this nicety was so great, 
the Huctuations ot the temperature so considerable, and the 
diflereiice itself so minute, thatit could not be attributed to any 
other cause than the mapjireciable errors of the observations, 
unless I be true, as Dr. \V ells has sagaciously suggested, that a 
naked thermomet er docs not accurately indicate tSe temperature 
of the air m wiucli it :s iilaced, but a temperature commonly 
somewhat lower, lu. tween the temperatures of the water and 
atmosphere, the diliereiice was niucli more marked: at a medium 
It amounted to near three ([uarters of a degree. Such a differ- 
ence as this IS much too great to be laid to the errors of the 
observations, and can only be explained on the principle of 
evaporation, as I had anticipated from theory. I have not tried 
It in other fluids, but tliere seems no doubt but the same cause 
which produces an infcnority of temperature to that of the atmo- 
sphere m one fluid operates to the same effect in all those which 
evaporate at low tenipc ratures. In general I expect the inferio- 
rity will be greater the greater the evaporation, and, therefore 1 
should think it would be more marked in ether than in alcohol 
Wt A” ul^hol than m water, under the same circumstances! 
Whether the effect would be materially different in winter it is 
impossible, from these e.xperiments, to say. We should certainly 
expect It would be much k>ss in cold damp weather thah in warm 
and dry ; but when I once set the window open, for two or three 
hours during the ram, I could not perceive any sensible difference. 
In fact, in the last set of observations, in which one would 
have expected the damp to have bad the greatest influence, and 

2 c 2 
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consequently the inferiority of the water to be the least, the 
contrary was observed, and the inferiority \yas as great as in 
almost any other instance. Part of this, however, might, 1 con- 
ceive, have arisen from the strong current of air which, tor a 
groat while, was allow'ed to pass through the room ; but tuithei 
experiments are wanting to settle this matter. 

It is observable that the inferiority of temperature is sensibly 
oreaterin the right hand water glass than in the left; but as the 
ho-ures of the glasses were dissimilar, and 1 did not take the 
precaution to weigli the quantities oi water, nothing can be 

determined from it. . . , c r 

1 might now carrv my inquiries into the iduenomeua oi radia- 
tion and dew; auda might easily demonstrate the cause and 
consequences of things of this nature, and show that aU pe 
pluenomena whkdi have been observe.l liy Leslie, Delaroche. 
Rmnford, Dulong and Petit, Dnlav, Williams, Parker, Wells ■ 
&,c. flow from the simjile principles 1 have developed ; 
full discussion of Uiese subjects requires a great scope both of 
time and space. Should 1 not shortly enter on these things, 
1 shall endeavour to unfold my views on these and a variety of 
' others in a wort I have in part promised my friends to bring to 
press as soon as 300 icopies are .subscribed for; namely, the 
Lectures 1 have ibi- some j-eai* been accustomed to give my 
pupils OB the various branches of Natural Philosophy. If this 
work be printed, I shall tntdeavour, wliile giving an easy and a 
popular elucidatioo of the .various subjects iii question, to make 
it not unworthy of-th« coiisultorion of tlie philosopher. 

{Tif hi’ cmtt'iHmuh) 


« Wlien 1 liail tlie present part ef tUis paper, J imd the af 

receiving from John Wyatt IJtobbs, Josq. tliruugb the mediuiii ot the 
mcr,a wy of l>r. excellent Esjtay on Dtw. J’he coptouH detail 

mena inS* .wo* uidiiced me fto by aside my thoughts of puldishing a mere abstract^ 
imy ideos ao thcBhwnomenaofdewin the pre^jiu paper, and to reserve tliwn until J 
should have a better opjwrtunity of doing theiri justice, i he same gentleiuan has alst 
Uince had the goodness to send me a copy of the Philosophical 1 ransactums, conUming 
Ur Ure’RimiKfroa die^stic force of vapows, which in the aubs^vMjnt ^ 

flomo too l«te to aff^ me tirae for re;.invc»t|gatmg the mvanabjw of tla 1 

We given in Prop. XV. it ha*, however, I am happy to «y, 

lung utto a groat imatake with reapect to the niont airf accuracy of Ure * ■ttieo- 
tern into wUdx I hnd fallen from a mistranscribed account of H by omither. 
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AjftTICLE VII. 

On. the Nature «/ the Pigment in the Hieroglyphics on the tiarco- 
pluigus, from the Tomh of Psamvm. Bv J . G. Clnldren Esa 
FES. iic. &c. ' ’ 

(To the Jvlit(jr of t!ie Annals of Pkilusophy.) 

DF.AR SIR, 

liiK celebrated .sai'co[iiiu^'(:8, disc-overed bv ivl. Cel/.oni, i:i 
the, so called, i oaib ul i^saiuaiis, is covered within and without 
with hieroglypiiics, cut into tlie sloiie aijout l-16th of an inch 
deep. [In; luaterial of whicli thi.s intere.stnic; nionuinent of 
ancient sepulchral splendour is fonned, is an iuimense block of 
w bite, ( i a usluceiit , curlKinale <3 hiiie, ol i.iie variety, according' to 
Dr. C’larke, called arragonitc. '1 he hieroglyphic tigurcs are fiTled 
lip with a [lignient,'^' which, at iircsent, is snperiicially almost 
]>Li( l)ut, ulicTi rGcliKTid lo powder^ hus ti (.hrty ohvt-D’rcdii 
colour. Several ol tlic are wholly witliout the pii^ineiit* 

tiiicl f I Gill many <>f t he re.'^t il, has lieeii jiartlv detached, iii sonic of 
which, the leiiiuiniii^ pcrtioii e.vhihits a li<^ht~biue colour, iiiixed. 
with the ()h\ e. In the I(>!j(uvinc,' expi rmieuts, 1 was coiiiiiied to 
tli(* use of so very small a (piahtity, tiiat I caurioi, undertake to 
give tlie relative jiroportioiis oi tlie sevtral iiigredieiits of the pig- 
uient ; but I h( )pc iiu v will, uev wi thelcss, be sulhcicat to prove 
its ('ompo>iiimi and fu igiiial aspvet. 

Idle pigment in.'-ed i)ei(U\‘ the blowpipe, without addition, into 
uii aliiiost blat'k shig. 

^ it was easdy pul\ ( m ised, and vvlien heated m a glass tube, a 
luu k-C'Uoured tuly tluul drstillcd over, and a large (piantity of 
dense, brown va|)mns, at init rvals iutiainmabif, was evoiv'ed. ‘^By 
tliis jUTx.'css, it lo^yt abemt 1 0 per cent-, of it s Vv v'iaht, and left a 
b 1 a c k r e s i d u ii m in 1 1 1 e t u 1 > \ 

^ Ike vcsidumu v. .is but livlle actfid on by digestion in moderiitely 
diluted luuriatic or niliic aeid (or in a mixture of the two), 
wdiicli occasioned only a slight efiervaescence, and took up about 
17 percent, giving a biuLsh-greeii solution, which, oii exiuniim- 
tion, coutaiued coiipcr and lime. (A part, at least, of the 
latter, may have been derived from tJie sarcophagus.) 

Ihe portion insoluble in the acids, and vvliicli constituted 
nearly tliree-fourths of the w hole quantity, exhibited, when dry, a 
beautiful blue colour, nut much inferior to .the finest iiltramarine, 
bat what deeper, and indestructible by a red heat. By fusion 

• JPt. Ckrke ha« meEtioned tliis ami stated its nature, in a note to iiis inte- 

resting memoir on arragonite, at p. 51 of tka present volume of tile Anmth of PhUom^ 
phn, which 1 was not aimre of till after this paper was sent to the Editon I am haimv 

toiha«oiirreittk»agi«t. 
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with nitrate of baryta, and the other processes usually adopted, 
I found it to be composed of oxide of copper, mixed wij;h a large 
proportion of silica, and a small quantity of lime and potassa. 
The colouring matter is, therefore, evidently copper; and fioin 
the presence of the alkali, the pigment is probably an aitincial 
production ; and since 1 could discover no trace oi any other 
metal, except an almost imperceptible one of iron, its preparation 
must, in all likelihood, have been conducted with equal skill and 


c&re 

The small portion soluble in acids seems to have derived that 
property from a partial decomposition of the pigment, which may 
well have been eflected. by the action of the oil used as the 
vehicle to mix it up with, and other natural causes, in the long 
succession of ages that have rolled auay since its hrst appli- 
cation. \ours, !kc. 

.1. (t. ClllI.DTlF.N. 


* Article VIII. 

Further Remarks upon Mr. Ilerapalh’s Theory. 

(To the Editor of the Annals of Philosophy.) 

SIR. . . 

The followiiia' remarks were drawn up in continuation ot 
some, wJiich you did me tlie favour to insert in your number tor 
September, before vour number for Octolier reached me. In 
that number I found Mr. llerapath’s reply to my remarks on 
which account I wish to premise, with respect to that reply, that, 
in the firstplace, I am not aware ot any thing “ ungentlemauly 
in my reraatks ; and should anv expression be thought so, here 
be-r to aiiologize to ?.ir. 11. for it. 1 also wish to assure Imn that 
I a^iu actuated bv no inotiv(;s of jealousy, and that any dmeiorice 
between liini and the Royal Society can have had no inlinence 

whatever on mv views of his theory, as I am not. a nieinbei o 

the Roval Societv, nor in anv way interested in opposing his 
tfieorv." My design was merely to state, without ottence, one or 
two difficulties wliich occurred to me on reading his papers ; and 
this 1 assure him 1 have done repeatedly, and with the greatest, 
attention. The advice also which he gives me in Ins reply 
have faithfully followed ; and upon the most careful re-examina- 
tion of bofh sides of the question, 1 must say, that with respect 
to the main and fundamental parts of his theory, 1 have lonnd 
no reason to change my opinion. He accuses me oi misrepre- 
sentation ; I candidly and openly acknowledge that I have tqund 
one or two observations (but of little or no importance) which 1 
would wish to retract. Mr. H. will easily perceive winch 1 
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allude to ; and 1 shall not trouble your readers with further par- 
ticulars. 

I will how proceed to a few further remarks, which I have been 
led to make partly from reading the continuation of Mr. H.’s 
coinniiiiiicixtioiis, since the date of niy former paper (whicih was 
sent ill hopes of having it inserted in the Amuih for August), 
and partly because some of my friends have thouglit that my 
observations on Mr. H.’s use of the term temperature needed a 
little iurther explanation. The substance of what 1 wish to ob- 
serve respecting his law of temperature will, I hope, be distinctly 
understood if 1 state it thus : 

He linds that, within a certain range, gases go on e.xpanding 
nearly as the scpiares of a certain set numbers. 

According to his theory lie considers it ))roved that gases 
expand as thescjuares of their temperature; that is, defining the 
tem[>eratures to be tlie momentum of tlieir particles. He, there- 
fore, concluaes, that that set of numbers represents the tempera- 
tures thus defined. 

Now w ithin tlie same range, the expansions are also nearly as 
the sim[)le ratio of another set ol numbers : that set of numbers 
are the common Fahrenheit temperatures ; therefore, wdthinthiS 
range, little evidence is gained either for or against his theory; 
and this range includes the temperatures at which almost all 
experiments are tried. 

Again : lie finds that the set of numbers first alluded to are 
such as ore obtained in a given way from the Fahrenheit tem- 
peratures : hence lie tinds a point in F'ahrenheit’s scale wdiich 
corresponds to a temperature of 0, or a point at which there will 
be no motion in the jiarticles of a gas, and at w hich the volume 
of' the gas w ill be 0 also. 

If experiments agree witli tins juogression of temperatures, 
what they prvAe is tins, that the zero is fixed at such a ])omt of 
Fahrcmheit as to make the law' ot teni|>erature agree with experi- 
ments within a. certain range; that is, that tiie one hvpoihesis is 
so framed as to be consistent with the oUier. They prove that 
the theriry ()f ti’ni[)v‘rature agrees with oliservation, provided the 
amount of observation lie measured accurdingto a standard pre- 
viously fixed, and fixed upon the assunijition of that theory ; for 
he is led to fix the zero wdiere he does, by taking the ratio of the 
volumes of gas at tlie tinnvuu'atures of* freezing and boiling w’ater; 
and assuming that the law of expansion aiuf temperature holds 
good dowm to that point vvliere the progression would end. 

Unless it can be proved that such a state as absolute cold 
really exists, it cannot be admitted that these numbers represent 
the real temperatures, or absolute quantities of heat in the gases, 
or absolute intensities of motion reckoned from a point of abso~ 
lute rest in their particles. They wall only measure the temper- 
ature above a certain point, and not above real zero. None of 
the experiments which Mr. H. has mentioned prove the existence 
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of such a point ; and it appears to me, tlrat^ by hk own theory , 
it may be proved that no such point can exist ; for when the 
volume is 0, the gas does not exist. If it then begin to exist, it 
must begin by the production of a first atom infinitely small ; but 
this atom must Ik; supposed to have some heat, because the law 
of temperature is now beginning ; and to constitute heat, accof d- 
ing to Mr. H. there must be an intestine motion ; and if so, this 
atom must consbt of smaller particles, which is contrary to 
supposition. Thus the existence of such a point is disproved on 
the assumption of xMr. H.'s theory; which is, therefore, at 
variance with itself. 

It may also be shown, in the same way, that by diminution of 
heat, tile vokune of the gas can never become 0, or, what is the 
same thing, can ne^ er cease to exist ; for so long as there is any 
intestine motion lett in it, there must be more than one infinitely 
small particle ; and the total abstraction of all heat, or cessation 
of all intestine motion, cannot cause the disappearance of these 
particles. 

These difficulties, however, are not peculiar to Mr. If .'s theory ; 
precisely the same absurdity results from the common theory of 
Repulsion. According to this theory, ,the smallest volume to 
which we can suppose a body reduced must still have some heat 
in it to give it a physical existence ; and if we suppose no heat 
left in a body, there can be no se])aratioii of* particles ; they must 
be infinitely condensed, or, in other words, the sul)stance cannot 
exist. 

The A\ct ap))ears to me to be, that whenever a real zero is said 
to exist, it is always on the assumption, avowed or im|)lied, of 
some hypothesis eoncerning the nature of heat ; and at tlie same 
time I am inclined to tiiink, that on must such iiyjjolheses, the 
doctrine may be as easily reluted as on this, i f in such sj^ecu- 
lations we were to set out by defining the term heat in tin; only 
w^ay in which it can be riglitly defiiied, viz. from some of its 
observed pro[)erties or efiect.s, we should soon find them all built 
without a foundation. 

It would hardly seem iiecessary to remark, that in the pri»sent 
state of our kiiowleflge the physical cause of lieat is absolutely 
beyond the reach of investigation. If it were not that specula- 
tiiMis concemiiig wdiat i.s termed the point of absolute cold liad 
received tlie sanction of some of tiie highest names in the 
scientific world, 1 would only require of any philosopher engaged 
in researches of this kind to define, with rigid precision, the term 

real zero,’' or any ecpiivalent expression which In; may use ; 
and I thiiiLit would be evident, that he could not define it with- 
out a reference to some hypothetical physical principle as the 
cause of heat. I remember long ago when I first studied Ihr. 
Tliomson’s excellent System," on coming to the chapter enti- 
tled, On the Absolute Quantity of Heat in Bodies," being not 
a little astonished, at finding an author, in general so remarkable 
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for his accurate adherence to fact, and rejection of theory, taking 
up a subject, which at first sight appeared to me utterly incapabte 
of definition, and, therefore, improper for investigation ; and still 
more surprised was 1 to find the names of such distinguished 
philosophers as tho%e whose researches are there described, 
engaging in a speculation, which, it a|.^>eared to me, a simple 
attempt at definition would at once set at rest. Dr. T.’s remarks 
at tile end of that chapter put a satisfactory termination to such 
inquiries ; and I felt much satisfaction on looking into the last 
edition of his incomparable work to find the chapter wholly 
omitted. 

We cannot take Mr. IL’s law of temperature as the true 
law, unless we are sure that it holds good at all points in the 
scale; but of this we cannot be sure, any further than within 
those limits at which experiments have been tried. How do W'e 
know tliat beyond those limits the law of expansion may not be 
modified, or some totally difi’erent law jirevail ! 

I will now proceed to one observation respecting Mr. H.’s opi- 
nion of the doctrine of ca|)acit;y. He states (see Auuah' for Sept, 
p. 204), that if the present doctrine of capacity were true, the 
results of mixtures, when the liiglier temjierature belonged 
resjiectivelv to each of two bodies, should be equidistant from 
the arithmetical mean. I beg leave to suggest, that, according 
to the common doctrine, it by no means follows tliat if tempera- 
ture be nu asiired bv the e(|uuble expansion of mercury, then the 
tempe ralurt^ of a mixt ure should be an arithmetical mean between 
tile pi'eviuus temperatures of the two bodies ; for we do not 
know that tiu* tem|)(;ratnre oi' the bodi(\s employed will lie inea- 
mired bv their expansh>ii. Heat does not in all cases cause 
expansion, and, liierefore, we are not certain that part ot' the 
heat comiiiunicated by one body to the other may not have other 
eflects without causing expansion. 

Also if a certain degree of heat in one voluiue of a body be 
effective in expanding mercury to a given degree ; and a certain 
degree of heat in another equal volume of the same body be 
effective in expauding mercury to another different degree ; we 
may assume hypothetically, that when the two vokimes are 
mixed, the mean of the two previous temperatures will, in some 
way, 1)0 eircctive in the mixture, butw^e can by no means be f^ure 
that it w ill be in such a wuiy as to be displayed by a proportional 
€X{>ansion of mercury. Philosophers would be very properly 
employed in observing what tlie resultiag temperatiu'es aremn 
such mixtures, and, consequently, what part of the heat is, after 
mixture, effective in expanding mercury; but to talk of the real 

S uantity of heat in bodies is talking in terms whicli cannot be 
efined, and, therefore, the investigation is to no purpose. 

1 must also remark, that if Mr. H.’s tlieory be considered as 
€}stabiished, there is no opposing theory exploded, as far as the 
experimental doctrines of capacity and latent heat are concerned; 
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for in those doctrines, no theory of the nature of heat is assumed ; 
no supposition required but the mere facts, that equal degrees of 
heat communicated are not equally effective in certain different 
cases, in producing equal sensible heats. I allow that in the 
common views of these doctrines, the facts are, in some in- 
stances, perhaps injudiciously, but, at the same time, perhaps 
unavoidably, classed together, and described by terms which 
may sometimes mislead by their hypothetical appearance. 

1 cannot conclude without remarking, that if 1 rightly under- 
stand Newton's invaluable rules of philosophizing, on the nature 
and object of physical researches, it appears to me that in order 
to constitute a legitimate physical theory, two things are requi- 
site : 1. That the causes assigned should be such as really exist; 
and 2. That they be sufficient to explain rJl the phamoinena. 
With respect to the first of tliese qualifications, I contend that 
Mr. H. s theory is defective ; for his fundamental principle, the 
intestine motion of particles, as far as I know, has not been, and, 

I believe, cannot be jjroved to exist ; still less is it proved that 
it uniformly accompanies expansion. With respect to the second 
requisite, my opinion mu.<>it be obvious ; and 1 would recapitu- 
Jate it by saying, that, 1 think, lie has not strictly deduced his 
conclusions from his first principles (see Ajt)ia/s for Sept. p. 224, 
at the top) ; and that his conclusions in general agree with expe- 
riments ; but still that tliis is only withm limits where the old 
views of the subject agree with them too. 

1 will take my leave of Mr. H. by first calling Iris attention to 
an excellent remark of Dugald Stewart, tliat what cliiefly misled 
the ancients in their physical speculations was their inattention 
to what were the proper objects of inquirv, and their confused 
and wavering notions of that particular class of trutlis, which it 
w as tlieir business to investigate. J am far from wishing to apply 
this remark, in its fullexteuit, to the present subject ; but, 1 think, 
in general, it might be well to recommerid it to tlie consideration 
of niany philosophers of the present clay. It would tend to 
confine philosophy to those subjects which it is its proper pro- 
vince to examine, and prevent much fruitless lal)our in endea- 
vours to penetrate wdiere the utmost strength of our faculties U 
unable to arrive at certeiinty. 1 am, Sir, 

\ our obedient servant, 


X. 
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Article IX. 

SCIKNTIIMC INTEl.l.UiKNCE, A N 1> NOIICES OF SUBJECTS 
CONNECTED WITH SCIENCE. 

I. Education of Mechanics. 

A school for the education of mechanics has been established at 
Edinburgh, and upwards of 200 students have already enrolled them- 
selves for improvement in their several trades. 

The establishment of free drawing schools has long been a desidera- 
tum, and is no less essential in the more humble branches of mechanic 
industry than in the higher walks of our manufactures. Somewhat 
similar to this was attempted in IVancc during the Buonapartean 
regime, and its success was very fully evinced by the great improve- 
ment disfilayed in their bronze and ormolu ornaments, as well as in 
their china manufacture, which for a time superseded those of our own 
country. I'rom this it will be seen, tliat altliough we are not anxious 
to increase the already too numerous cla.ss of artists, who seldom pass 
beyond the bounds of mediocrit}^ we are yet |)ersuaded that the tailor, 
or carpenter, would derive material benefit from employing his leisura 
hours in a scliool dedicated to those parts of design wdiich are essential 
tow'ards sketching with correctness the anatomy of the human figure, 
or tile fitting up of a building. 

II. Application of the Air-Pump. 

Till wdthin the last 10 years, tlie use of the air-pump had been exclu- 
sively confined to the service of the pneumatic chemist and philoso- 
phical experimentalist. Now, iiowever, this valuable instrument is 
very generally empio} ed in many of our manufactures. VVe believe 
tJiat the sugar refiners working under Messrs. Howard and Hodgson’s 
})atent were the first w ho employed it in a large way. It is a fact 
very generally known that fluids boil at a lower teiiij)erature be- 
neath the exhausted receiver of an air-pump than when exposed to 
the ordinary pressure of the atmosphere, and the sugai refiner, tak- 
ing advaiitage of this principle, very readily prevents the charring 
incident to the old process. To accomplish tins, it is merely necessary 
to enclose the pan containing the saccharine fluid in a close vessel, and 
by the continued action of an air-pump, the air is so far rarified as to 
produce ebullition at a temperature seldom exceeding 100^ of Fahren- 
heit’s thermometer. 

This simple instrument has also been employed in the sizing and wet- 
ting of paper. In the former case, the paper is piled up evenly in a 
vessel capable of being rendered air-tight, and a vacuum being first 
formed, the size is introduced, which is afterwards pressed in by the 
force of the atmosphere ; passing through the pores of the paper with- 
out injury to its fabric. In the process of dyeing, also, the air-pump 
has been found highly efficacious. In the ordinary way, the cloth is 
merely immersed m the dye, so that the internal part is of a lighter 
hue ; but, in tliis case, the colouring matter passes through the entire 
fabric. 
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III. Meridians of Greenxvich and Paris. 

A vertical reflector, constructed by M. Mathieu, has ktely been 
placed on Fairlight Down, Hastings. Its erection was superintended 
by the above gentleman and Capt. Miidge, of the Royal Eiv ineers, 
who have chosen the same spot which was selected by Gen.ljioy 30 
years ago, to enaWe obsenMtions to betaken from the coast of France, 
for the purpose of remeasuring the distance between the meridian of 
the observatories of ( ireenvf^ich and Paris. The light from therellector 
IS visibk at the distance of 90 miks. It consists of four circular v icks, 
the largest of which is 10 inches in circumference. It consumes two 
quaits of oil in an hour, a«idis lighted an hour before sun-rise and sun- 
set, and is kept burning for two hours. Capt. Mudge and M. Mathieu 
have since proceeded to join 3iajor Colby and Capt. Kater in France, 

IV. Solar Eclipse in Jmerica. 

^ 1 he solai eciipse of Aug. SE was noticed Iiere by a ucll-reguiatcd 
Ume keeper. At the commencement, the sun was transiently obscured 
by thin clouds. But the time here noted may be dependedOn as cor- 
rect within a few seeoiuls. At the termination, the clouds had disiiersed, 
and the time was ascertained with precision.* 


Beginning 8‘‘ r 30 -f> 

dBiiding.^ 10 34. ](> ^ ^ime, a. m. Porllund Gazelle. 


V . Cashmere Goat. 

It appears from a memoir read before the Frencli iloyal Academv, 
tliat the Cashmere shawl made from the down ol'ihis aninial is likeU- to 
become an article of Luropcan manufacture. Two l'm-eif,mer.s, of'the 
names ot Jaubertand lerntaux, Iiaviiifr introduced a number th' these 
animals, they have much engaged ihe attention of the French natural- 
ists, and It ajipears that their mode of treatment has been so far sue- 
cessful that out ofa flock of J2-29 goats purchased in Astracaii there 
fo^TdowT’ ^ original nmnhcr which produce the 

\ I . .Iph I ovrisi ic I At in p. 

It appears from a series ore.xperinieiits made b\ Mr. Daniell, that the 
acid lormed%y the .slow eomhiistioi. of ether' in this instrument is 
aiehc combined with some compound ofcarboii and Indrogen, dililriiiK 
from ether. .Most of our readers are acquainted with tliJ form of i his .’amm 
and we merely notice its construction to propose the occa.sional addition 

hlltT! 1 of an Argand lamp, wliich, on 

platinum wire will immediately produce 
previously exceeded a red heat. 'iTiis takes 
'"Oieascd siqiply of o.xygen furnislicd by 

a whit^ be-if”* " ifo gradually passing from a red to 

a white heat, and from that to flame. 

\ II. S4ied'wo~CJiiruT^ic(il Soctetif. fif J^tdinbuT^h , 

4 . S Protnises to be in the Iiighest degree useful, is 

formed upon the model of the Loudon Society of that name. Most of 

nJvJ bcen >"'>^*'.,’.<1 (for it has 

BtTcr been aMiertamcu bv astronnn.uvMi lo ^ . . 


^vJ been >"'>^*'.,’.0 (for it has 

n aMxrtamcd by astrononacal observation) is 70 12 W. from Greenwich. 
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^he Medical Professors in the University, and many of the most respect- 
able practitioners in the City, have co-operated in its formation. Dr. 

Duncan, sen. has been elected its first President. Its sittings com- 
mence in the approacliing winter season. 

VIJI. Lithography, 

An experiment has lately been made to take off impressions from the 
leaves of plants by lithograpliic printing. It appears to have bem 
attempted by merely pressing the leaves against the stone. Tins pro- 
cess does not, however, appear the most adviseable, the better way 
being to cover the plant with the prepared ink, and after bringing a 
slieet of clean paper in contact with iu entire sarface, transfer tin? im- 
{)ression tlius procured to the lithogr^hic stone. We notice tins from 
the great advantage which botanists are likely to derive from this sim- 
ple mode of preserving and multiplying impressions from rare plants, 
which could otlierwise only be seen in the cabinets of a few collectors. 

IX. Socu’lyjur the Liicaaragemod oj Geography, 

A Society has been formed at Paris for tl%e encouragement i£ geo- 
graphy, by the printing of scientific memoirs, the publication of charts, 
the distribution of prixes, and defraying tlie expenses of traveiler^j hav- 
ing useful and important ol)jects in view . I 

X. Itussian I ' oy age of Discovery . * 

Accounts from (’apt, Billingliausea, Commander in the Russian 
Voyage of Discovt^ry in the Antarctic Seas, dated May, 1820, report 
that he liad discovered three islands coveretl witli snow and ice, on one 
of wliich was a volcano , lat. 50*^ S. He announces that there is no 
^utherri continent, or, should there be one, it must be inaccessible, 
from being covered with perpetual snows, ice, 6:c. I 

XI. liacifijr Pedometer, | 

^ ^ . . i 

An instrument has lately been invented in France which precisely | 

marks the lime that not only tlie winning, but every other horse takes i 

in running the course, even if tliere simuid be 80 of them, and the | 

interval between each only a quarter of a second. The Jury of the | 

Races,” in the Arondissements of Paris have expressed their full appro- i 

b^iion of the instrument. ^ ^ \ 

XU. Life Pre$crH3er, ; 

An experiment for saving lives from shipwreck, o« Mr. Tre^rouse^s I 

principle, which pix>mi«es to be of great utility, has been tried with I 

success m Yarmouth Roads, by Rear-Admiral Spranger. It consbts 1 

in lihrowing, by a rocket, a line from the ship to the shore, and when | 

the communication is eatablished, binding to that a deep-sea line, oi* * 

* any of the running rigging. When these reach the shore, a larger I 

rope, sufficiently strong to bear four men in a chair, is conveyed to tlie | 

vessel, and the chair pulled on shore by meafis of a small rope, fVom i 

whence it returns empty to the ship for a fresh cargo. X>n one occa- | 

sion, the chair was on shore in five minutes after the firing of the ^ 

rocket • I 
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Akticj.e X. 

NEW SCIENTIFIC BOOKS 

\ 

PREPARING FOR PUBEICATION. 

Dr. Reade is about to publish a Treatise on Vision, founded on 
numerous and interesting experiments. 

Lectures on the Elements of Botany. Part I. with Plates. By 
Anthony Todd Thomson, ELS. Member of the Royal College of Sur- 
geons, &c. &c. In 8vo. Vol. J. 

A Synopsis of British Mollusca. By W. Elford Leach, MD. 

A natural Arrangement of British Plants. By 8. T. Gray. 

.IlTS r PUBLISH ED. 

The Physician s Guide. By Adam Dods, MD. 8vo. 10.9. (yd. 

A compendious Treatise on the Theory and Solution of cubic and 
biquadratic Equations, and of Equations of the higher Orders. By the 
Rev. B. Bridges, BD. FRS. Fellow of St. Peter’s College, Cam- 
bridge. €)s. 

Pomarium Britannicum, an Historical and Botanical Account of 
Fruits known in Great Jhitain. By Henry Philips. Second Edition, 
gvo. l(h. 6V/. 

The Natural History of British Quadrupeds. By !•:. Donovan, FL8. 
Coloured Plates. 8 Vols. royal Svo. 51. Ss. 

Illustrations of l^ritish Ornithology. Series First. Land Birds. By 
P. J. Selby, Esq. No. 2, elegant Folio. 1/. 11 5. 6d. plain, or 51. sL 
coloured after Nature. 12 Plates. 

Illustrations of the Linnjean Genera of Insects. By W. Wood, FK8. 
&c. 2 Vols. royal ISmo. 1/. IO.9. 


Article XL 

^ NEW PATENTS. 

John Manton, of Dover-street, Piccadilly, Middlesex, gunmaker, for 
an improvement in the construction of locks of all kinds of fowling- 
pieces and fire-arms.— July 30, 1821 . 

Thomas Bennet, jun. of Bewdley, Worcestershire, builder, for cer- 
tain improvements in steam-engines or steam apparatus. — Aug. 4. 

^ cKihn Slater of Birmingham, manufacturer, for improvements in mak- 
a kitchen-range and apparatus for cooking, and other purposes.-— 

illiam Henry Higrnan, of Bath, sadler, for certain improvements in 
the construction of harness. — Aug. 14. 

David Gordon, Esq. of Edinburgh, now residing at Stravener, for 

construction of wheeled carriages.— 

Jean Fredyic, Marquis de Chafaannes, of Russel-place, FItzroy- 
square, Middlesex, for ^ new method and apparatus for attracting and 
catching fish. — Aug. 14. • ® 
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Article XII. 

METEOROLOGICAL TABLE. 
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The obscn’ations in each line of the table apply to a period of twenty-four hours. 
Winning at 9 A. M. on the day indicated in the first column. A dash denotes that 
ihe result is included in the next following observjition. , 
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Mr. Howard’s Metmroiogical JoumaL {Nov. 182 J 


RKMARKS. 


Ninth Month, — I. Rainy: a very heavy shower between five and six, p. m. 
t?, 3. Cloudy and line at intervals. 4, Fine: showery. 5. Fine. 6. Fine: frequent 
lightning during the night, from half-past twelve to five. 7. Fine. 8. Fine: cloudy, 
9. Fine, witli showers: very wet evening. 10. Some thunder about lujon : heavy 
showers: limar halo. II. Cloudy: fine. Showery morning: cloudy. 13. Cloudy: 
rainy iiigiit. 14. Drizzling : a Stratus on the marshes at ni^it. 15. Foggy morning: 
doudy. H). Ch>omy morning: a shower in the evening. 17. Cloudy: fine. 
18, 19. Fine. 20, Cloudy, with small rain. 21. Overcast: began to rain about 
eight, p. m. and continued till two next morning: a heavy thunder storm during the 
night. 22. Cloudy. 23. Gloomy. 24, 25. Overcast. 26. Show'erj'. 27, Cloudy. 
28, Fine : rdny night. 29. Cloudy : show'ers. 30. Cbudy ; fine. 


RESULTS. 


Winds: N, 1 ; NE, 1 ; E, 1 ; SE, 2; SW, 9; W, 7 ; NW, 7 ; Var. 2. 


Barometer : IVlaan height 

For the mouth 29*902 inches. 

For the lunar period, ending the ! 8th 29*95 1 


For 14 days, ending the 1 1th (moon south) 29*846 

Mar 14 days, ending tlie 25th (moon north). 29*962 


Thermometer : Mean height 

For the month 60*960® 

For the lunar period. 63*884 

For 31 days, the sun in Virgo 62*662 

Evaforation 2*46 

Rain. 2*86 


(Mhoratoryy Stratjbrdf Ttn^h Mmtkf SS^ .1881« 




ANNALS 


OF 


PHILOSOPHY. 


DECEMBER, 1821. 


Article I. 

Biographical Sketch of the late John Bennie, Esfj. FB.S. and 
FAS. Land, and Edin. S(c. Sfc. 

A FKW factis hastily collected form all the materials we have 
yet been able to procure relative to the early history and subse- 
quent rapid progress of this distinguished individual ; and these 
we offer to our readers trusting that other and more able pens 
will record the praise his works so justly merit. 

John Rennie was born June 7, 1761, at Preston Kirk, in the 
county of Ea,st Lothian. His father, Mr. James Rennie, was a 
most extensive and respectable agriculturist, and died in the year 
1766, leaving a widow and nine children, of whom John was the 
youngest. The future provision for, and care of, thdfamilynow 
devolved on his elder brother Cieorge, wdio, in conjunction with 
his mother, undertook tlie education of the younger children, and 
in due time young Ueiniic was sent to school at Preston. Here 
he acquired the first rudiments of his education, though it does 
not appear that he inade any very remarkable progress at this 
seminary. Immediately adjoining Mr. Rennie’s"' estate, and 
between the farm and school, was a small river, and it was neces- 
sary for young Rennie to cross this several times in the day. 
The passage of the river was usually accomplished by means of 
a rustic bndge of stepping stones, and when it was swollen, the 
only alternative was a boat kept by Mr. Metkle for that purpose. 
This gentleman was at that time considered one of tae most 
ingenious millwrights in Scotland, and he afterwards distin- 
ifev Series, vol. ii. 2 d ’ 
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guished himself by the invention of tlie thrashing macliine, and 
effected considerable improvements in the construction of water- 
wheels, the latter of which he brought to great perfection. 

It will readily be imagined that no better school than Mr. M.’s 
workshop coufd have been found for ripening into perfection 
those seeds of science with which nature had endowed 
the young mechanic ; indeed it is more than probable that 
to the opportunities thus obtained we may attribute his 
future advancement in life. He would watch with deliglit the 
different operations tliat w ere carrying on, and lie soon acajuired 
confidence enough to mingle in the labours of the workmen. 
His leisure tune w as spent in the construction of such models as 
came under his observation, and at 10 years of age he had con- 
trived to make models of a steam-engine, a^windmill, and a pile 
engine, upon 'V aloue’s principle. At 12 years of age he dis- 
agreed with his schoolmaster, wiiom he thought incompetent to 
teach liim any longer, and immediately left tlie school. At a 
loss how to employ himself, he expressed a wish to be placed 
under his irieiid Mr. Meikle, witli whom lie continued about 
two years, w hen finding himself deficient in some of the more 
, essential parts of general education, he ju’oposed going to Mr. 
Gibson, an able teacher tlien resident at Dunbar, Here lie dis- 
tinguished himself in a Vemarkable manner by the assiduity and 
talent he displayed in the acquirement of mathematical know'- 
ledge ; and on Mr. Gibson being appointed Master of the Public 
Academy at Perth, he earnestly recommended John to succeed 
him in the management of the school. He soon, how^ever, 
returned home, and remaiiied w ith Mr. Meikle for some time, 
occasionally employing himself in the drawing and construction 
of machinery. About this period he undertook the repairs of a 
corn mill situate in his native village, and on its completion w^ent 
tt) Edinburgh. He w^as then about 17 years of age, full of 
ardour, and anxious to improve himself, without, however, neg- 
lecting the honourable employment of those talents he had 
already so well cultivated. Accordingly we find him in the 
summer of 1778 busily employed in the erection of a flour mill in 
the county of Angus, and this was followed in the succeeding 
year by the completion of another at Kirkaldy, and a third 
rot Mr. Atchison, of Drummore, the intermediate time being 
ipeiit at the college at Edinburgh. 

The good fortune, or rather the indefatigable industry, of 
young Rennie, soon surmounted all the difficulties that opposed* 
the completion of his collegiate studies, and be was shortly 
noticed by Professor Robison as a young man of extraordinary 
genius and application, and by him recommended to Messnii^ 
Boulton and Watt as a fit person to be employed in the eotiatru©- 
tion of mill-work. 

About the same period, Messrs. Boulton and Watt began to 
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apply the steam-engiiie to a variety of purposes unconnected 
with the raising of coals and water (its original object), and 
selected Mr, Rennie as a fit person to superintend the perform- 
ance of the Albion Mills, which was then just completed. His 
salary, Riough fully equal to his wants, was at first but small, 
and this afforded an additional stimulus to exertion ; so that at 
the completion of the Albion Mills he was engaged to superin- 
tend the erection of some extensive machinery at xMessrs. Whit- 
bread’s l)rewliouse, and an opening was thus presentird for him 
to commence business on his own account. 

About this time, Mr. Smeaton, the celebrated engineer, died, 
and left a chasm in tliat department of science ; and a more 
favourable combination of circumstances for Mr. Rennie’s esta- 
blishment could not have presented itself. A new power for 
moving machines had just then been invented, and Mr. Rennie 
was protected by, and connected with, the inventor and patentee. 
From the year 1794 to the day of liis death, Mr. Rennie was at 
the head of tlie list ol’ civil engineers, and became connected 
with every undertaking of magnitude. Among his first essays 
may be enumerated Ci inan Canal, in Scotland, and the Lancaster 
Canal, the lurmer remarkable for the numerous practical difficul- 
ties which occurred throughout the whole of tlie execution ; the* 
latter, for the aqueduct over the river Lime, one of the largest of 
its kind in Europe. To enter into a detailed account of his 
numerous works would be endless : they are before the public, 
who are capable of appreciating their merits ; suffice it to say, 
that he executed with success, the Kennet and Avon, Buchan, 
and Aberdeen Canals, the Harbours of Frasersburgh, Queen’s 
Ferry, Berwick, Howth, Holyhead, Dunleary, &c. ; the London, 
East India, Hull, Leith, Liverpool, and Dublin Docks ; the 
Breakwater, Plymouth ; the Royal Dockyards of Sheerness, 
Pembroke; the Bridges of Kelso, Musselburgh, Newton Stewart, 
Wateiioo, and Southw^ai'k, besides an infinity of others. He 
was among the first who perfected the Diving Bell, and rendered 
it entirely subservient to the purposes of building under water. 

He was Fellow of the Royal Societies of London and Edin<- 
burgh, the Antiquarian Society, the Geological Society, the 
Royal Irish Academy, and the floyai Society of Munich, besides 
belonging to various other minor institutions for the promotion 
of scientific knowledge. In the execution of the public wodts 
which he superintended, there were spent more than thirty mil- 
lions sterling. 

The list that we have now furnished forms but a smaH poitiou 
ef the works which have emanated from the desigm of dm 
distinguished engineer ; indeed Ins industry is idti^ost withemt 
parallel ; and on going to France for a short time in 1816, he is 
said to have istaled, that it was the hrst relaxation he had taken 
nearly^ years. hUs hdbits of business wei^ 
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he frequently made appointments by day-break in the morning, 
continuing closely employed till eight or nine o’clock at night. ’ 
At the age of 25, Mr. Kennie married a Miss Mackintosh, by 
whom he had nine children, six of whom are now living, and it 
is probable that the eldest of these gentlemen will succeed to 
his father’s professional employment. 

M. Dupin, who is so well qualified to do justice to the merits 
of the late Mr. Rennie, has, in a Notice Necrologique respecting 
him, addressed to the Royal Institute of France, paid a tribute 
to the virtues and amiable qualities of that distinguished indivi- 
dual, and given a brief but masterly account of his principal 
works. 

'' Mr. Rennie,” says M. Dupin, “ raised himself by hi.s merit 
alone. In a country in which education is general, he received 
from his infancy the benefit of instruction, which he afterwards 
knew how to appreciate. 

“ Scotland has the glory of having produced most of the 
civil engineers who, for nearly a century, have executed the 
finest monuments of the three kingdoms, and the must ingenious 
machines; .lames Watt, John Rennie, Thomas Telford, &c. 
seconded with so much ability by the Nimmos, the Jardines,the 
< Stevensons, &c.” ' ' ’ 

After enumerating the works executed by Mr. Rennie for 
Messrs. VVatt and Holton, and his application of steam to 
machinery for clearing canals, he observes : 

“ Mr. Rennie learned immediately from Smeaton tlie art of 
directing hydraulical constructions he formed himself by the 
counsels and example of that great engineer, and by the study of 
the works of a master whom he was to e(]ual in some respects, 
and surpass in many other.-.” ’ 

M. Dupin then alludes to the East India and London Docks 
and the completion of the West India Docks, and observ es : ’ 

At the very moment he was snatched from us by death, he 
was busied in finishing a new construction ecjuallv ingenious for 
its architectiu e and its mechanism. Vast roofs, supported by 
lofty columns of cast iron, present in the middle of their struc- 
ture aerial roads, on which are made to run carriages, whose 
mechanism is so contrived, that by their means,'’ enormous 
mahogany trees kept in these fine magazines, may be raised and 
Jet down at pleasure. By means of this ingenious system, a few 
workmen now execute in a few minutes what required formerly 
whole hours, and a number of workmen.” ^ , 

This candid and liberal-minded foreigner concludes his elose 
with the following striking reflections on the new character 
which has ^een given to the erections of this country bv Mr. 
Rennie : 

If, from the incalculable effect of the revolutions which 
empires undergo, the nations of a future age should inquire 
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what was formerly the New Sidon, and what has become of 
the Tyre of the West, which covered with her vessels every sea? 
Most of the edifices, devoured by a destructive climate, will 
no longer exist to answer the curiosity of man by the voice of 
monuments ; but the bridge built by Rennie in the centre of the 
commercial world, will subsist to tell the most distant genera- 
tions here was a rich, industrious, ^and powerful city. The 
traveller, on beholding this superb monument, will suppose that 
some great Prince wished, by many years of labour, to conse- 
crate for ever the glory of his life by this imposing structure* 
But il‘ tradition instruct the traveller that six years sufficed for 
the undertaking and finishing of this work ; if he learns that an 
association of a number of private individuals was rich enough 
to defray the expense of this colossal monument, worthy of 
Sesostrises or Cmsars, he will admire still more the nation in 
which similar undertakings could be the fruit of the efforts of a 
few obscure individuals lost in the crowd of industrious citizens.'^ 

Mr. Rennie died at his house in Stamford-street on Oct. 4, in 
the (i4th year of his age, after a very short illness ; and his 
remains were interred on the Kith in St. Paul’s Cathedral, near 
those of Wren, Barry, Milne, Reynolds, and West. 

Aiiuujg a vast iuunl)er of distinguished persons who followed 
Mr. Rennie to the grave, were, Sir Josejih Vorke, Sir Humphiy 
Davy, Sir R. Seppings, Sir G. Cockburn, vSir J. B. Martin, Sir 
Thomas Lawrance, Mr. ( hantrev, Mr. W. T. Brande, and several 
other gentlemen of rank and high professional abilities. The 
funeral arrangements were conducted without any affectation of 
splendour, but extremely handsome and well devised; and in the 
long train of mourners were many to whom his exertions had 
been valuable, and many by whom his talents had been admired. 


Articlk 1 1. 

On Floelz Formations. By Thomas Weaver, Esq. MRIA, 
MRDS. MWS. MGS. 

iCoftcfndrH J'ram p. 359.) , 

Floetz. — Skulks III. 

1. Upper or Shell Limestone Formation of M, Freiesleben, 

Shell Limes! one. MnschcUkalksiein of Werner, 

Lias and Oolite Limestone Format ion. 

This formation is also very widely distributed. In Mansfeld, 
it is commonly disposed in regular horizontal strata, which, 
sometimes present a smooth even sheet of considerable extent;;^ 
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Trot they are often also rapidly inclined, or gently undulated, and, 
generally speaking, in a position uuconibrmable to the doer 
formations, upon which they repose ; appearing sometimes also 
in the form of isolated caps or subcorneal hills. In other dis- 
tricts, the relations are similar. Thus in the tract between the 
forest of Thuringia and the Rhbn, M. Heim describes the shell 
limestone as being therft generally horizontal, to the top ot 
the hio-heat hills ; but in some parts, the strata are variously 
inflected, and elevated even in the vertical position. The mean 
height of the shell limestone in the forest of Thuringia is esti- 
mated at loot) feet, but in the Geba mountain, it reaches to loOO 

Near the surface, the strata of shell limestone vary between 
half an inch and four inches in thickness ; but at a greater depth, 
they acquire a thickness of six or eiglit feet. They are frequently 
in a disjointed state, being traversed by fissures, nearly vertical, 

mostly open, and sometimes several feet in width. 

The shell limestone is upon the whole distinguished by its 
homogeneous character, its grey, yellow, and whiter colours, and 
by the abundant remains of organized bodies which it contains, 
mostly assembled in families. With the exception of a few 
layers of sandstone, hornstone, or flint, it is in a great measuui 

free from siliceous matter. • * . r 

Its most remarkable varieties arise from an intermixture ol 
ailex, alumine, calcareous spar, and oxide of iron, or accordingly 
as it contains, or is destitute of, petrifactious. Some of these 
varieties pass into sandstone, and others into inail. 

In Mansfeld, and the adjoining parts of I'huringia and Anlialt, 
the pure limestone is commoniy yellowish-grey, isabella-yellow , 
or yellowish-whke ; move rarely smoke or bluish-grey ; fracture, 
gem vallv fine splintery, or even, and flat conchuidal, and dull, 
and, more rarely, granularly foliated in part. It is seulom of a 
dark bluish-grev colour, approaching to black, in wliicli case it 
h^rms a black stripe in the middle of a stratum, the colour becom- 
ing lighter and fainter toward the exterior. But some strata aie 

almost of a hornstone characteiy’**' 

Among the principal varieties of the shell limestone may be 

noticed the following : r n 

' a. Mountain-green, or greenish* grey limestone, ol a soil 

t( nder, fine sandy consistence ; 

b. Ochre-yellow limestone, tender, feeling like sandstone ; , 

c. Foliated granular yellow limestone ; 

d. Ochre-yellowq dull, fine sandy limestone, with local assem- 
blages of calcareous spar ; i i r zu 

e. Porous limestone, resembling tuffstone, compoimded ot tne 

• The preying d^n'ption accords very weE with llic general characters of the 

JEngliah liae Uraeatone. 
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fragments of shells, the substance of which mostly yollowish- 
grey and foliated, cemented by an ochre-yeilow sandy medinnaL 

The yellow varieties are Uvsualty more clayey, or sandy and 
tender, than the grey homogenous kinds ; but some of them are 
partly of a magnesian quality, locaity known by the name of 
iiwhlbatz. Tliey ail, however, distinctly ulleniate with each 
other, in beds of greater or less thickness. 

Sometimes the clark*grey compact argillaceous limestone con- 
tains fragments of compact limestone, of various sizes, then 
acquiring a s|)Otted appearance. 

The compact shell limestone of the Seeberg, near Gotha, is 
partly oolitic ; small compact round and oval grains, of a dark- 
grey colour, being immersed in a yellowish-grey base, and form-r 
ing a stratum t wo feet thick.'’^' 

Cylindrical chaniit;Is, from one-fourth to half an inch in 
diameter, several indies in length, and closed at both extremi- 
ties, are very conmion in the shell limestone, particularly in that 
whidi is pure and compact. These channels are straight, or 
they wind in various directions, tlie sides being smootii ; and 
solid cylinders of a similar form, separating easily with a smooth 
surface, are also common. Tiieir origin is unknown. 

In most districts, one or more layers of flint, hornstone, or a* 
coMipound oi'the two, may be met with in the shell limestone ; 
but tiu V rarely exceed a fesv inches in thickness, and are seldom 
continuous for any great distance. Sometimes also these sub- 
stances appear in tlie I’onn of ncKhiles.i' And in ilennel>erg are 
found in tlie shell limestone several layers ol yellow and brown 
siliceous limestone, wiiicli in some parts pass into distinct yellow 
and lirown jasper, and m others into siliceous brown ironsione. 

White calcareous spar, in rather large masses and druses, and 
in disseminated grams, a|)peais also soinetinies in the shell lime- 
stone ; and stalactifonn and botnfunu calcsintci: is found inci- 
dentally between tlie strata. 

Slaty and c-artlu a})iirite iiave occurred in it near Poileben, in 
Mansfeld, and agaric mineral near Asse, in Wolfenbuttel. 

Compact and tibrous gypsum, in layers extending nearly to 
two feet in thickness, have been found, it is said, in the shell 
limestone, near Naiimburg.| Potter's clay occurs in it near 
Freyburg, on the linstrutt. 

Organic Remains . — Tlie pure and marly beds of the shell 
limestone apj)ear t o contain a greater quuiAtlty of petrifactions 
^ than those which are sandy. The remains of bivalve and uni- 
valve shells are numberless; soiuetimes forming a congeries of 
shells in layers from a half to one inch thick between the strata; 
while others occur in the substance of the limestone. 


* The oolitic structure appears in a few instances also in the English lias limestone, 
•f* These substances occur under the same tbmis in the English lias limestone. 

X Gypsum is met with also in the shell limestone foriyation of England, in groups 
No. li?, 10, and 9, of Mr. (freenough’s Geological lilap. 
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Remains of fish, and ribs, vertebra, bones, and teeth of 
unknown quadrupeds,* * * § are less common. In several parts of 
Thuringia, however, a marly limestone, of a thick slaty texture, 
is found immediately above the upper gypsum, containing nume- 
rous petrified bones, closely imbedded in the mass; beside teeth 
of fishes, large smooth terebratulites, echinites, and pieces of 
wood coal.t These bones are sometimes converted into an 
opaline mass, while the cavities are lined with crystals of quartz. 
Large rib and blade bones have also been met with, the true 
character of which has not been ascertained. Fragments of 
bones occur singly in most of the strata of the shell limestone. 
And numerous teeth of fishes, of various sizes, and of different 
species, occur also in the shell limestone of lliuringia, beside 
single scales, bones, and vertebra^ offish. 

According to M. Blumenbach an undoubted ornitliolite has 
been found in the shell limestone of the Ueinberg, near Got- 
tingen 4^ 

Entrochites generally appear in the lowest strata of the shell 
limestone, closely crowded together in limestone resembling 
homstone, and which is mostly composed of the fragments of 
encrinites. Sometimes whole families of encrinites are thus 
"found ill the same vicinity, and partly in a good state of preser- 
vation. 

Belemnites, grvphites, buccardites, venulitcs, and a peculiar 
species of peiitacrinite, are confined to particular districts. 

Echinites, spines of echinites, dentaUtes, patellites, trochilites, 
and striated terebratulites, are very rare. 

But other well preserved terebratulites, ostraciles, buccinites, 
pectinites, strombites, turbiuites, chamites, ammonites, myti- 
lites, myacites, ike. are endless, beside whole strata composed of 
the fragments of shells, which are no longer recognizable. 
Discites and asteriacites aie more rare, lieside these, there 
have been observed also trigonellites, donacites, irautilites, telli- 
nites, and pectunculites. 

Baron von Schlotheim has observed also serpulitevS, lielicites, 
neritites, conilites, solenites, and lepadites.§ 

Some of the bivalve and univalve shells still preserve their 
natural nacrous lustre, and in particular the terebratulites ; others 
are converted into compact limestone or calcareous spar, or into 

• Probably allied to the EnuVm^Sanri order of animals, to the monitor, or to croco- 
diles, of which, as occurring in tlie lias, oolite, green sand, and chalk scries of England, " 
an admirable account has appeared, from the joint researches of M. de la Beche and the 
Jiev. W. B. C’onybeare, while this paper is passing through tlie prcss..~-(8ee Geological 
Trans, vol, v. part ii.) 

+ An anali^ous bone bed is found in the lower part of the lias limestone, near 
W'ickwar, and in W’^estbury and Aust cliffs, on the banks of the Severn, Glouceater- 
siiirc ; so also on the Somersetshire coast, near Watebet. 

I liomains of birds are stated by Air. Greenough to have occurred in the StOEtosfield 
alate of the oedite twes in i^iigland,'*<^(See Gedl. Essays, p. 300,) 

§ Petrefactenkundo. * 
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conchoidal hornstone, and more rarely into sparry iron ore ; and 
still more rarely they consist of brownjron ochre, which, falling 
out, leaves the empty impression of the shell.’^ 

CoaL — ^Traces of coal appear only in the upper beds of the 
shell limestone formation, but they are met with in many places; 
generally consisting of a stratum of black clay, which includes 
thin discontinuous layers, stripes, or lamime of slate coal ; the 
mass being commonly much contaminated with iron pyrites, and 
hence it soon disintegrates on exposure to the air, and forms 
wnth water a viscid paste. From this circumstance, it has been 
called clay-coal (letten-kohl) by M. Voigt. The bed, however, 
is frequently composed for considerable distances of alum-shale 
rather than coal, and, w hen burned, leaves a residuum of white 
slaty clay. The coal is seldom tit for the forge, though a portion 
of pitch coal has sometimes appeared in tliesebeds, wdiich have 
been wrought in various quarters, at different periodvS, partly 
with a view to coal, to vitriol, or to alum ; often, however, with- 
out advantage. The clay, in which the coal lies, contains 
remarkable impressions ofjdants, seed vessels, and seeds, which 
are referred by B. von Schlotheim to unknown species of trees. 
As an example of this kind of coal may be mentioned, the coal 
near Kutzleben, in Thuringia, where one bed, 10^ inches thicl^, 
composed of black clay^ with single tliin stripes of coal, and 
covered with greenish-grey marl, reposes upon the shell lime- 
stone ; beneath whicli, at the depth of 14 i'athoins, is a second 
coaly bed in the shell limestone, from 10 to 16 inches thick. 
This contains smiths’ coal, beside pitch coal two or tliree inches 
thick. 'I'he carbonaceous layers have varied, in different quar- 
ters, from 8 to 21 indies in ihic'kness.t 


In tracing the extent of tlie shell limestone, M. Freiesleben 
follow s that formation into Thuringia, the llartz, Lower Saxony, 
the forest of Thuringia, Franconia, Suabia, France, the heights 
of Jura, tile All )s, Dalmatia, tkc. partly relying on the authorities 
of MM. Heim, Voigt, Hausmann, Flurl, See. And as a corrobo- 
ration of part of that view% the remarks of MM. Ebel and von 
Raunier may also be noticed ; the former of whom observes that 
beds of oolite are found throughout the Jura chains, the grains 
of which vary from the size of lentils to that of peas, and even 
larger ; % and the latter remarks, that the newest shell limestone 

• I have seen most of the analogues of the organic remains noticed above in the shell 
limestone of Oloucestershirc, beside others not included in that list; e. g. in the liM 
limestone, pinnites, plagiostomites, crabs, prawns, shrimps, spines ofbalistje; and in 
the oolite, corallites, orthoccratites, plagiostomites, volutites, pinnites, arcacites, cuhul- 
laeites, astarte, mactra gihhosa. (Sowerby). Several of the rema^ occurring in tJie 
beds of the lias and oolite series are to be found depicted and describe in M. Sowerby’a 
Mineral Conchology. 

+ As an analogous formation in England, we may refer to the bad coal found in the 
oolite Of the eastern Moorlands of Yorkshire, in group No. IS of Mr. Ofeenoii^’a Geo- 
logical Mi^ ; and also to the biittminous slate day, call^ Kimmeridge g 

No. *10 of the same Map. 

X Ebeh Alptnhau, vol. it. p. 109. 
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k rich in beds of oolite, giving as instances the oolite near 
Rumigny, at the south-western foot of the Ardennes, and the 
oolite of the Jura.’*' The first notice of the latter, however, is, 
I believe, due to M. de Saussure.i" 


The general character and distribution of the shell limestone 
formation in Englamh as consisting of the lias and oolite series, 
with their accoinpanying beds of clay, marl, and wood coal, may 
be learned from Mr. Greenoiigh’s Geological Map, comprehend- 
ing the groups No. 16 up to No.* 9 inclusive. And several illus- 
trative facts may be collected from Mr. Webster’s obsen ations 
in Sir H. Englefield’s splendid work on the Isle of Wight, i?cc. 
and from Mr. W. Pliillips’s Coiupendiiim ol tlie Geology oi 
England and Wales. 

2. Qii(f(h }' imd PiiUKT SajuhUein (uid Kalk^tein, 

Third Idoetz Sdudslouc Tin'inaiion ol* Whoiier. 

Ferriiguious ajid (ircoi Sajuhtone and LiniesfoNe I'urma/ion, 

In my iiotices of this formation, I shall confine myst'lf chiefly 
to the observations of !MJ1. flausmaun, vou Schlolimim, uiul 
YOU Raumer, 

1. According to ]\I. Haussmann, the quadersandstone consti- 
tutes in Lower Saxony a chain of low lulls and t iniiiences, 
which commencing at the nortli-easteni foot ofthellartz, between 
Quedlinburg and Blankenbiirg, proceeds in a iiortli-western 
direction as far as into Westphalia. It consists of a uniihrmly 
fine-grained sandstone, usually of a. white colour, composed 
simply of grains of quartz, with a very slight proj)ortion of cement, 
often scarcely perceptible. The cement is commonly argilla- 
ceous, and frequently more or less iron-shot, so that the vvlute 
ground is stained with stripes or spots, of a yellow, red, or brown 
colour ; or the whole substance is thus discoloured. The iron- 
shot cement passes sometimes into argillaceous ironstone ; and 
the argillaceous cement is casually penetrated with bituminous 
matter, tlien assuming a grey or black colour. The connecting 
medium sometimes consists also of clay marl, or calcareous 
marl ; and more rarely of quartz, or calcedony. Strings of 
quartz travels^ the sandstone occasionally, forming cells when 
the substance.of the rock is decomposed. It is always stratified, 
in strata from half a foot to several ells in thickness ; but never , 
slaty, like the new red or variegated sandstone. It is further 
distinguished from the latter by the following characters : it is 
firmer and more compact, with a smaller proportion of cement, 
and is less discoloured ; it contains mica much more sparingly, 

• Sec^tlie ^jpciMiix to the York of M. von Rauraer, mioted above, in wbkb the 
^hor oftem some remarks 09 % siialcigy of the never Hoets ismx&timi m 
-ranee, Germany, and the AIj>s. 
f Voyages dans lea Alpes, scot. U 8 , 


1B21.3 Mr. Weaver ort Floetz Formations, fe l 

•which is distributed through the mass in single scales, and its • 
planes of separation are never covered with mica ; it is free from 
clay galls, and from drusy cavities, occupied by crystals of cal- 
careous spar or (piartz ; and it contains seams of coal, which 
have hitherto been sought fur in vain in the new red or variegated 
sandstone. 

It is also to be observed that when the quadersandstone and 
the new red sandstone occur in the vicinity of each other, the 
former is -always found above the latter, and never ■alternating 
with it ^ generally spt'aking, however, the shell lunestoue is 
interposed between the two. , 

In Westphalia, green sandstone appears near Ihina, Werl, and 
Soest, according to I\l. Hdvel ; its substance being composed of 
•d medium between marl and sandstone, and containing gieen 

particles. , 

In the quadersandstone of Lower Saxony, iM. llaussmann 
notices the occurrence ol’ three distinct I'erruginons, or ironstone 
beds : The lowest consists of grey or black clay, which contains 
stniluiu 'V' ifict lliick, coiupostid of round niiisscs of indurated 
ironshot clay, ^vhi^‘lv are surrounded with a coating of clay iron- 
stone, in the compact or ochry state ; and accompanied \Mth 
pieces of’ petrified wood and of pitcli coal, and by ammoniies, 
belemnitcs, and other organic remains. 

The intermediate bed contains brown compact clay ironstone, 
disposed in thin concentric lamime, or mixed wita minute ^nd 
and scales of mica; brown iron ochre also occurs; the whole 
frequently I’orming layers one above another, and in 

froiii one and a half to seven feet thick, e. g. at the ruh-^ 


regge in the W'eser district. . ... - , 

'the most recent, oi highest, bed in the formation is from 7 to 
14 feet tliick, consisting of iron-shot soft clay with grains ot 
quartz, and bearing lenticulady granular cldy ironstone, accorn- 
panied by scales of mica, and a leek green substance resembling 
steatite. Clav forms both the roof and floor of this bed. 

It IS not improbable that the lenticular clay ironstone ot the 
South of Germany, and other countries, may belong to a forma- 


tion of the same era. » 

The seams of coal, which occur in the quadersandstone ot 
Lower Saxony, lie lower down, and deeper, in the senes than the 
ferruginous beds just noticed. They vary from 8 to 12 inches 
ia thickness, and repose on slate clay free frofn mipressious ot 
vegetables, and which passes into clay marl, succeeded by sandy 
marl, sandstone, or limestone. The coal beds consist of coaise 
coal, which passes into slate coal. 

The thin coaly seams in the quadersandstone near yuedt^ 
burg and Blankenburg, consist of soft clay containing s ig 
layers of coal. These are interposed between beds ot sMe clay, 
free from vegetable impressions, which have sandstone boto tor 

file roof and floor. In the mine Glii^-Auf are &ree bed# ot 
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Ais description, the uppermost of which is found at the depth of 

•j jt surface, being only five inches thick • the 

middle one at the depth of 28 fathoms, being 18 inches thick 
and containing some useful coal; but the lowest bed contains’ 
thCibest coal, which is a kind of pitch coal approaching to moor 

Orgamc Numerous remains of bivalve and univalve 

shells, partly well preserved, partly broken, are found in the 
quadersandstone of the Blatenberg and Heidelberg, near Blan- 
kenburg. iheir substance consists not unfrequently of calce- 
dony, connected with a calcedonic mass.* Petrified remains of 
plants are also numerous, appearing near Blankenburg, in the 
form 01 large leaves, which have some resemblance to those of 
oak, hme and fig trees, but are mucli larger, and also to those 
of the palm tribe, according to B. von .Schlotlieim ; and near 
Lauchstadt whole strata are composed of petrified leaves, with 
stems and branches of wood, in such quantity as to resemble the 
remains of a fallen forest.f Fragments of vegetables, composed 
ot brown coal, occur near Goslar and Gottingen. Petrified 
fragments of bones are also found in the quadersandstone. 

ui>on the whole, tlie same 
petvifactions occur in the newer floetz fine-grained sandstone or 
quadersandstone, thataremet with in the shell limestone, althousrh 
much more sparingly ; the sandstone being sometimes wholly free 
from them. Pinnites, turbiaites, pholadites, pectinites. biiccar- 
dites, ostracites, tellinites, mytilites, and inyaciles, seem of'most 
common occurrence ; but there are also noticed, pectiinculites 
chamites veuulites, frigonellites, donacites, terelinitulites, ser- 
pulites, dentahtes, muricites, buccinites, buliacites, strombites 
volutites, conilites, nautilites, asteriacites, corallites, more rarely 
echinites, and, scarcest of all, encrinites. 

~. In the tracts considered by JVI. von Raumer, in his work 
referred to aliove, this formation occupies two principal districts 
one being situated on the south-west of the Eulengebirge, and 
the other on the north of the Riesengebirge. These deposits 
belong to those widely extended masses, which are unequally 
^ the northern parts of Germany, occupying portions 
of Moi avia, Bohemia, bilesia, Lusatia, the Ertzgebirge,^ Lower 
Saxony, and Westphalia, and which in the course of their 
extent tome m contact with, and cover rocks of veiy different 

Sthtly!nc1infd“^"‘‘*^^ disposed in an horizontal position, or 

The southern deposit reposes partly on primary rocks, partly 
on the old red sandstone tract, described in a former part of this 


papef. The beds of the formation consist of ; 


found in tlie green wnd in 
^ a well-known fact, calctcdonic masses also appearing. 

1- 1 * ^«ad«™tandstimc ncajr %tha, M. von SchlotiiSm observed palmacitei 
canahculatui, p, oUsoletus. (Sec Petrefactcnkundc.) «o»ervea paimaaiet 
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1 . Quadersandstone, a yellowish and greyish-white fine 
grained sandstone. 

mari sandstone, a yellowish, brownish, or ash-grey sandy 

3. Plane marl, a pure calcareous marl. 

4. Plane limestone, a grey fine-grained rock. 

5. Slaty clay marl and clay, micaceous, and of p-reenish 

yeilowish, and ash-grey colours. ° * 

6. Grey coarse sandstone, and conglomerate. 

These substances may be traced passing successively one into 
another. The clay iiiarl is sometimes less slaty, and formed of 
pieces loosely cohering. In this state, it frequently contains 
balls of clay ironstone, composed of concentric lamellar distinct 
concretions. 


Minutely disseminated green earth is very common in the 
plane marl ; and sometimes also in the quadersandstone, in 
greater or smaller quantity. 

The beds of this forination alternating and passing frequentlv 
into each other, it can only be loosely stated in what quarter 
particular beds predominate. In the southern portion of the 
distiict, clay marl and clay prevail ; in the south-eastern and 
eastern, plane sandstone, clay marl, and day ; w est of these is 
the principal chain of quadersandstone, in which plane sandstone 
js subordinate ; and beyond this, plane limestone predominates 
the (piadersaiulstone ajipearing only in subordinate beds. 

The animal remains noticed ni this tract are shells, apparently 
belonging to tlie genera ciu'ithium, turritella, and turbo ; also 
solenites, [lectinites, t(:liinites, veiiulites, terebratulites, and ver- 
miculitcs; an echinite and shark’s tooth have likewise been 
observed. Of vegetable remaiiis, Baron von Buch remarked 
petrified leaves of trees, intermingled with shells, in the conglo- 
merate of Kieslingswald ; and M. von Kaiinier noticed a reed- 
hke torm in plane sandstone near Hundorf, and cylindrical forms 
ajiparently of vegetable origin, in several places, in the quader- 
sandstoiu% and in the grey clay marl. Several of these remains 
are found in the most dissimilar beds of the formation, e. o-. 
peebnites in quadersandstone, and in plane marl ; venulites m 
quadersandstone, and in the limestone w hich alternates with the 
grey conglomerate of Kieslingswald ; and cylindrical tubes in 
Quadersandstone, and in grey clay marl. This circumstance, 
tlm alternation of these beds, and their reciprocalmineralop-ical 
c afimities, show that they all belong to the same formation. 

The northern deposit of this foriHation reposes principally on 
the old red sandstone of that quarter, but partly also on a 
tract. It has hitherto been but slightly examined, 
i^uadersandstone appears *to predominate, plane sandstone being 
rare ; the former contains beds of clay, and some coal. Thus 
thick beds of clay appear in the quadersandstone, in the vicinity 
of Bpzlau, m which bituminous wood *is found ; and near 
VVenig Rackwitz, they contain pitch coal. In some quarters 
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also, white sand is found in this formation. Cylindrical petrifac- 
tions, resembling those of the southern tract, are met with, 
beside pe.ctinites. But both the northern and southern.riuader- 
sandstoiie tracts require to be strictly examined with respect to 
organic remains. 

In extending Ins views of tins formation to other tracts, hi* 
v'on Baumer notices the obseiwations of iVl. biurl on the Alps of 
Upper Bavaria, in which sandstone and marl, coloured green by 
chlorite, are found containing mmnnulites in great quantity. 
And as nummulites are found also in the green sandstone of 
Encrland and France, the identity of those formations is thence 
inferred. M. Ehel likewise states, that the beds of green sand- 
stone in the most northern chain of the calcareous Alps, contain 
nummulites very frequently, beside other organic remains, e. g. 
in the Auhriggs, Zindeln, Fhisch, &.C.* 


Of the extent and character of the ferruginous and green 
sandstone and limestone formation in England, including the 
beds of clay, marl, and wood coal, associated in that senes, a 
general idea may be obtained from Mr. Greenough’s Geological 
Map, comprising the groups No. S up to No. G inclusive ; and 
various facts in elucidation of the formation may be gathered 
from the observations of Mr. Webster in the Geological Tnwis- 
actions, and in Sir H. Englefield’s work on the Isle of Wight; 
from Mr. W . Phillips’s Geolo 

from Mr. Sowerby’s Mineral Conchology. But a still more 
ample view of the relations of that serie.s may probably be soon 
expected from the work of Mr. Mantell on the Geology and 
Fossils of Sussex, of which the prosi)ectus lias recently ap- 
peared.'! . . , 

^ 3. ChalL—{KreuIe.) 

ITpoii this formation I do not think it necessary to offer any 
remarks. Its principal relations in England have been developed 
‘by Mr. Webster ; and additional light will doubtless be thrown 
on the subject by the extended researches of Mr. MaiitelL A 
general list of organic remains found in chalk has been^iven bv 
Prc/essor Jameson in his instructive notes on Cuvier’s Theory ot 


the Earth. 


Floetz. — Sebies IV. 


Nor is it my intention at present to enter upon tlie considera- 
tion of the fourth floetz series, which would require a more 


+ Accordinir to that prospectus, the work will embrace the fextuginotf# We^ 
day, with auhordmatc hc^ of sandsume and IJmcstone ; ! 

Idii dtty orgalt ; chaHt marl, lower chalk, and upper thalk; pUatic 
imdaUimiun. Some imy vilaa&k nrelimiaaiy noti^ of 

^how formiitiaiif, we pubBshedby that aaihor m the Suwex Profindal Magolne 
Ikthe year 1619. 
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ample space than the limits of this paper admit. I shall merely ' 
observe in reference to that series, that, with the exception of 
the newest floete trap formation of Werner, the chief merit in 
unfolding its relations rests in France with Baron CuVier and 
M. Brongniart, and in England with Mr. Webster and Professor 
Buck] and. 


In conclusion, I must add, that the principal object of the 
foregoing pages has been to remove misconception, to reconcile 
seeming discrepancies, and to simjdify general views. How far 
that task has been accomplished, the geological inquirer will 
determine. He will also not fail to remark, that in the view 
which i have taken, the correspondence between the British and 
Continental formations, in their principal characters and in their 
general order of succession, is no less striking, than it is consist- 
ent in the main with the great outlines of Werner’s arrangement 
— a coincidence so remarkable, as to warrant the inference that 
the general view entertained by that naturalist of the mineral 
structure of the globe was founded upon solid considerations. 
Tlie evidence too leading to that conclusion is so much the 
more impartial, ns the exemplifications of the chief positions* 
are in a great measure drawn from the Geological Map of 
England and Wales; a work, avowedly constructed by its author 
with the intention of simply expressing facts, independent of all 
theory or system. 


Article III. 

On Crystallized Magnesian Carbonate of Lime from Ahton 
Moor^ in Cumberland, crystallized Plumbago, and some other 
Minerals from the Mines of Cumberland, By Edward Daniel 
Clarke, LLD. Professor of Mineralogy in tlie University of 
Cambridge, Member of the Royal Academy of Sciences at 
Berlin, &c. 

(To the Editor of the Annah of Philosophy,) • 

©EAR SIR, Cambridge, Nov. 1, 1821. 

There is great pleasure in being able, through the medium 
<rf your Annak, to establish an intercourse witli mineralogists, 
however widely dispersed, and by communicating to them, flora 
time to time, such facts as appear to be worthy of their notice, 
to inttte them to that commerce of intelligence which is of the 
highest advantage in carrying on their favourite studies. The 
article wliicH I sent to you upon arragorike gave rise to some 
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observations from Dr. Daubeny respecting the discovery, by 
Prof. Stromeyer, of strontian in all the varieties of that mineral ; 
with the exception only of the coralloidal variety called flos 
ferri/*^ For this communication from Dr. Daubeny, miany of 
us are indebted ; because it was rather generally believed that 
strontian only existed in some of the varieties of arragonite ; and 
I shall now be thankful to any of your correspondents who will 
point out a plain and simple process by which the presence and 
proportion of strontian, as a constituent of arragonite, may be 
clearly and accurately determined. The plan I have myself 
pursued had been considered as satisfactory ; but there are some 
objections to it which wull be obvious to chemists ; it was merely 
that of dissolving the arragonite in dilute muriatic acid, adding 
sulphuric acid, and trying the sulphate thus formed, by nitric 
acid ; which is supposed to have no action upon the sulphate of 
strontian, although it dissolve the sulphate of lime. For the 
present, therefore, I wall dismiss this part of the subject altoge- 
ther, and proceed to a few^ remarks upon other minerals perhaps 
not less likely ^to interest your mineralogical readers. 

I believ^e that tine rhomboidal crystals of the magnesian car* 
Jmnate of lime are rather rare. A dealer in minerals, who makes 
occasional visits to this University and to Oxford, for the sale of 
specimens found in the mines of Cumberland, brought lately to 
ray house what he called cubic carbonate of Time,’' from 
Alston Moor. Perceiving that the crystals were rhombic, I 
examined the supplemental angle of a minute fragment by Dr. 
Wollaston’s reflecting goniometer, and finding that it measured 
73° do', exposed this atom, wdiich did not weigh the thirtieth 
part of a grain, to the test for exhibiting magnesia, which the 
same illustrious chemist, the inventor of that goniometer, has 
himself pointed out ; namely, by dissolving it in muriatic acid in 
a w atch glass, precipitating the lime by carbonate of ammonia, 
and then adding phosphate of soda, and draw ing lines upOn the 
glass with a glass rod. The process is now w^elT known, to che- 
mists. I mention it only because all mineralogists are not aware 
of the extreme subtlety of Dr. Wollaston's test ; it is such that 
a portion of magnesia, indefinitely small as to its c^uantity, exist- 
ing ill a fragment of magnesian limestone almost invisible to the 
naked eye, may yet be rendered strikingly conspicuous by this 
process ; because the binary compound wnich is precipitated, or, 
as it is called, ** the triple salt," consisting of the phosphoric 
acid united w ith magnesia and ammonia, appears in white streaks • 
upon the glass in all parts over which the glass rod has passed. 
Ttiis was the case in the present instance ; and as the crystals 
to which I hllude measure half an inch in their major diameters, 
and may be had of all the Alston Moor dealers, the information 
will, perhaps, be thought desirable. Each crystal consists of a 

* . ^ * 

* See AnnaJi of Philcgophy for Sept. iSf l, p. SSO. 
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visible aggregation of minute primary rUombi with a whii. 
opaque appearance, and a pearly lustre seated 
phanous crystals of quartz/ Their other character's bei^fr lho*' 
spZTneV'' magnesian carbonates of hme, need Lt be 

^ observed, althoutrh not 
for the first time in my life, a specimen of tlie Ci^rburet ff iron 

As ^ ^ surfaces, and possibly a result of crystallization 
As this substance is, I believe, not known to minSoSu 

form I •>« particular in describinif its 

specimen came from Keswick, and, of course oritri 
nally from the Borrowdale mine of plumbago. It was ofiered'tn 
me as the substance which the miners cairthe deader to thi 
plumb^o, die carburet of iron not being in a pure mass but in 

wmonate of hme. In several instances, the white soar encriist 
nf^l * portions of plumbago exhibited an inclination 

ter of 118 , the plumbago itself corresponding in the inclination 
^ Its planes with the extenor coating. Some years ago, the Rev 

College in this University,^visiting tlie * 
Borrowdale mine (m answer to my inquiries after a^reffularitv of 

JUirettqr of the Works, a single specimen, exhibiting the same 
form wjth^e same inclination of the plane surfaces.^ By com- 
paring both togetlier, I now find great reason to believe/n the 
existence of ciyg^hwd plumbago, and the crystals, supposino- 
hose to be crystals which appear upon the specimens in my poa- 
S' be described as oblique fouL.ded^AsrSi 
rhombic bases ; the obtuse angle of the rhombic base measuring 

A catalogue ratsonni of the minerals found in the Cumberland 
mines would fom a very interesting addition to our stock of 

r* * ^ other sub- 

stances on ammunt of their extraordinary beauty. Among them 

Me varieties of arragonite hard enough to make a deep ifcision 
n glass ; crystals of quartz so penetrated by chlorite as to be 
quite opaque, and of a fine ei^d green colour; thrust 
m^ificent cubic cnrstals of green fluorspar highly transparent^ 
contaimng air bubb es moveable in a liquid which L believed to 
e water, but this has not been ascertained ; stalactites of the 
white carbonate of zinc resembling porcelain, and called china by 
toe dealers; cubo-octahedral sulphurets of lead containing anti- 
s'l^er; highly diaphanous sulphates of 
rr^f^t ’ of pearl spar called saiki spar ; primitive 

crystals of hme spar, which do not contain magnesia ; together 
with iniiumemble Msociations of crystaUized quartz, tiuate, and 
carbonate of hme, in every variety of colour and form. 

I have the honour to be, dear Sir, 

ur „ . Yours faithfully, E. D. Clakke, 

Ar?/’ ISeries, vol. ii. 2 e 
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Article IV. 

Observations OH Mr. Ilerapaths Theory. 

(To the Edrtor of the Annals of Philosophy.) 
gjn Ocf. 18, tML 

He who has published a theory on any [)oint in philosophy 
will consider its neglect as the greatest evil. A candid exanii- 
xiation of its correctness will tend more to excite^attention to it, 
tlinn almost any degree ot praise w'hich can be given. If, then, 
it be founded in truth, examination and attention are all its 
author can desire ; but if in er ror, its exposure is all he ought to 
expect. Mr, Herapath will, therefore, have no right to complain 
of the following observations upon the theory which he has pub- 
lished “On the Causes, Law.s, and principal Phenomena, oi 

Heat, See.” .r,. j ? n/i tr 

In the October number of the Annals oj Fhth^sopfii^j Mr. 11^ 

rapath has answered two letters addressed to him upon the 
subject, by extracts from other letters received by him from some 
distinguished chemists, in which, w^hile they politely praise the 
ingenuity of the theory, they express their want of satisfaction 
as to its truth. I confess 1 do not see how this can be any 
answer to, or how indeed it can have any other effect than that 
of justifying, the doubts of those who have ofiered particular 
objections to the theoiy ; for surely it is probable, that if jt had 
been conclusive, such able men as Sir H. Davy and Mr. Gabei't 
would have perceived its correctnes.s. 

Mr, H. has then added tliat he considers those extracts will 
be a suflSicient justification to him in not replviiig ‘‘ to every 
who chooses to publish his undemonstrated opinions” on the 
subject. Of course it cannot be expected tliatbe should answer 
all objections to his theory ; many of them will very probably 
deserve no notice* The only observation, therefore, that 1 
should make in relation to this determination is on the distinc- 
tion which he has made as to the objections being m/drmom/m/ed. 
If he mean that he does not consider himself bound to regard 
Unv objections that are not mathematical demonstraUons, 1 
apprehend he has determined to neglect those objections which 
he ought to fear as the most foraiidable. , 

That this was, however, the intention of Mr. Herapath would 
seem probable from the following sentence : “ To avoid meU- 

phvsicalaiifficulUes, the principles pght be passed over by the 
admission of a ^ple axiom in philosophy ; namely, mat it is 
impossible by correct reasoning from false principles to bnng 
tnm conclusions; and hence the attempts at refutation majt^ 
confined to the nfatbematics and the results.”— (Aniiatt for Ifet. 

T) 307 ) It certainly is circuit to deduce from this axiom any 
mearting which can be supported by argument. In innumerable 
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iastancea (if the words are taken in their usual sense), true con- 
clusions m%y be brought out from false principles by correct 
reasoning. If, for instance, the errors on each side Should 
exactly compensate each other, the result will be correct though 
the foundation be erroneous i Frequently too there are several 
ways by which a fact may be accounted for by correct reason- 
ings, yet all those ways cannot be the true mode of accounting 
for it. The argument in relation to the nature of muriatic acia 
is a striking instance. The principles, therefore, on which the 
reasoning is founded in those cases in which the proper mode 
of explaining the facts is not adopted, are incorrect, though the 
fact oe itself true. Indeed it might be said to have become 
almost a proverb, that the conclusion may be true though the 
foundation of the argument is false. 

But to return, I apprehend that one of the first objections to 
the theory which will ofier itself to the mind of an inductive 
philosopher, is its assuming to be so entirely founded on mathe^ 
matical demonstration. The most important question proposed 
is, whether heat is a peculiar motion of the particles of bodies^ 
Now it is in the nature of things impossible to demonstrate this 
to be the fact merely by mathematics/ Even if it should be 
prov ed, that if the fact be first assumed, the phscnomena of heat 
will be governed by certain laws, and that these laws are the 
same with those which experiment prove actually to exist, and 
this be shown to be the case universally, a strong argument 
would certainly be raised that the phaeiiomena of heat are in fact 
produced by this peculiar kind of motion ; but if any one should 
therefore assume that he has mathematically demonstrated that 
heat and the peculiar motion are the same, the assumption will 
be both illogical and incorrect. One thing is, however, abso- 
lutely necessary even to raise an argument in its favour ; namely, 
that the laws cliscovered by the mathematical reasoning and by 
experiment, should be indentical in all cases ; — a circumstance 
which it must be always most difficult to prove. In this parti* 
cular case, I will examine whether it is not sufficiently easy to 
prove the contrary. 

Experiment has clearly shown that caloric, or the immediate 
cause of heat, whatever it may be called, cannot be destroyed^ 
However, under particular circumstances, it may become for a * 
time imperceptible, it can be again developed, and s© bb shown 
I to^have continued its existence ; if, therefore, heat and motion 
be identical, motion cannot be destroyed. This, I apprehend, 
the experience of every day, in addition to mathematical argu* 
ment, telk us is untrue. We all eveiy day see motion getiermled 
and destroyed. Nor can this objection be anawered % a sup- 
posed difference in the nature of the motion, as we cannot even 
I conceive of any difference in motions^ mmpt which te made 
I by their quhntily and direction. - • 

Again ; heat is Gommunieated from one object to another at 
• 2b2 
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a distance, Without contact, and without materially Meeting the 
temj^ratare ot' the intermediate air. Motion cannot.he eo com- 
mutticat^d ; heat, therefore, cannot be motion* Mere indeed it 
is possible Mr. H. will call in aid the ethereal fluid which he has 
gratuitously supposed to fill all space. The only proper answer 
to such a supposition is, ‘Show this fluid to me; prove its 
existence by some other evidence than its being necessary to 
support your theory ; for that argument can have little weight 
which founds the truth of a theory upon a supposed fluid, the 
existence of which fluid itself rests only upon the truth of the 
^eory/ But still, grant the fluid to exist ; for when once the 
basis of experiment is departed from, and imagination is let 
loose, there is no reason why its libeity should be circumscribed. 
This ethereal fluid, must, however, for the puqiose, be supposed 
Capable of receiving and communicating temperature, and this 
power cannot, by any mode of reasoning, be confined to its 
relation to bodies distant from each other. But a power of 
receiving and communicating temperature must most evidently 
be perceptible to experiment ; and we have, therefore, a fluid 
with evidently perceptible qualities, which is utterly incapable, 
either by its qualities, or in any other way, of being perceived. 

But again, Mr. H. assumes as one of the bases of his theory 
(of course without any proof), “ that what w^e call heat, arises 
from an intestine motion of the atoms, or particles, and is propor- 
tional to their individual momentum.'" * These particles he has 
assumed to be ‘‘ of different sizes and figures " in different 
bodies, and the temperature of these bodies he has considered 
to be equal, when the velocities of their particles are inversely 
proportional to their magnitude ; that is, when the momenta of 
the particles are equal. The velocities, therefore, of the particles 
®f different bodies w ill be different at the same temperature. 

Now if a body, A, be placed in contact with another body, B, 
having atoms of a greater magnitude, but a velocity less in an 
inverse proportion, that is, according to Mr. H. being of the 
same temperature, “ the atoms wdll be continually impinging on 
one another, and on the side of the adjoining body." Now it is 
Evident that the atoms of A may impinge upon the atoms of B, 
whether they be approaching A or receding from it; that is, the 
* atoms of A having^a greater velocity, may either meet or over- 
take the* atoms of B ; and the probabilities will be nearly equal 
as to the one or the other. But whether the atoms be elastic* Or 
hard, having the properties of elastic bodies which Mr. H. has 
attributed to them, or be hard with the properties usually 
ascribed to hard bodies, still if one atom a, of the body A, having 
a greater velocity than the atom b, of the body B, overtake the 
slower atom, the atom a wdlMose some of its velocity, which will 
be coinmunicated to the atom A, and thence amohg the other 

♦ AnnaJs of Phtfosnphy for Apn\. ■ ' 
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atoms of the body B. The communication of motion from the 
atoms of A to the atoms of B will not be compensated; for the 
atoms of B having less velocity than the atoms of A wilf never 
overtake them. The motion of the atoms of the whole body 
B, therefore, will be increased ; so that if one body A have atoms 
of a less magnitude than the atoms of a body B with which it is 
in contact, but with a velocity inversely greater ; that is, accordr 
ing to Mr. H. the bodies A and B being of the same temperature, 
the momentum of the atoms ; that is, dm temperature of the 
body B shall continually increase. But this we know is con»* 
trary to the real fact; therefore the temperature of bodies is not 
the same as the momentum of their atoms moving among each 
other with different velocities. 

I could hardly claim room in your pages to trace out all the 
contradictions to known facts which will be the necessary result 
of Mr. Herapath^s theory : it will be probably more obedient to 
his wish that I should examine the mathematical demonstration. 

Almost the whole of this theory is founded upon Prop. 2 and 
its corollaries ( A)fnals of Philosophy, April, p. 284.) The propof* 
sition is, If a hard spherical body impinge perpendicularly on 
a hard fixed plane, the body will, after the stroke, remain at * 
rest.’^ This will not be disputed. Mr. H. states in support of 
it, that action and reaction are equal/’ ‘‘The force, there- 
fore, with which tlie ball is acted on by the plane at the time of 
the contact in a direction opposite to its mot ion is just equal to its 
momentum ; consequently the motion and action destroy one 
anotlier, and the ball, having no other tendency, continues at 
rest.” This reasoning is I admit indisputable, and being so, it 
follows that whenever a hard spherical body shall be acted on 
by a force “ in a direction opposite to its motion” “just equal 
to its momentum,” that force and momentum “ destroy each 
other.” 

Let A be a hard ball having a given momentum; now bodies 
act with a force equal to their momentum, and so it is assumed 
of the ball in the foregoing proposition. But if there be another 
body B similar, and having similar velocity to the body A, the 
momentum of B shall be equal to the momentum of A ; and, 
consequently, the force with which B acts shall be equal to the 
momentum of A. If, therefore, B moving in an opposite direc-^ 
tion to A meet A, it will act upon it “ with a force in a*directioii 
oj^pcsite to its motion just equal to its momentum,” and conse- 
quently the momentum of A and the action of B, “ being equal 
and opposite, destroyed each other.” This would seem to be 
necessarily deducible from Mr. Herapath’s own proposkioii and 
reasoning. But no, says Mr. H. “ If two hard and equal balls 
come in contact with equal and opposite momenta, they wili 
separate with the same velocity with which they met.” Let us 
examine the reasoning. “ Suppose a hard plahe, or other body, 
be held against a fixed hard body, and in this way receive the 
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impulse of the bail; then because that part cf mtermediate 
body which against the fixture is not urged any way by that 
fixture^ the, force with which the ball comes in contact with the 
other side is the ibrce with which the sides of this intermediate 
body .are driven together ; but this force is the momentum of 
the ban ; therefore^ that momentum is the force of constipation 
in this case.” 

But Mr. H. has just before stated, that the plane *^rei-acts 
npon the ball at the instant of contact ” in a direction opposite 
to its motion,” with a force just equal to its momentum ; ” 
and consequently the intermediate body would be acted on upon 
one side by the momentum of the ball, and on the other by the 
reaction of the plane, which he has stated to be, and which is in 
fact, equal to the momentum. The force of constipation must 
necessarily, therefore, be the sum of the forces of the momentum 
of the ball, and the reaction of the plane. 

Mr. H. proceeds : But if we now fix the intermediate body, 
and instead of the fixed body on one side of it, imagine another 
equal ball to come in contact wath it at the some time as the 
former, and with an equal momentum, then the force with which 
• each surface of this mtermediate body is urged towards its 
centre, is equal to the momentum of each of the balls ; and, 
therefore, the force with which the two surfaces are urged togCr- 
ther is equal to the sum of these momenta, or to twice one of 
them ; but this force is manifestly the Ibrce with w'hich the two 
balls would have come in contact if there had been no interme- 
diate body ; therefore, that force is the double of the force with 
which either body w ould have struck a fixed plane.” No doubt 
it is so, and also double the force with which either one ball 
strikes the other. And as “ action and re-action are equal, and 
contrary,” the plane resists the stroke with a force “ just equal 
to its momentum,” and the one body resists the other with a 
force just equal to its momentum. So, if one ball, A, be fixed, 
and an intermediate body of such a nature as that it shall not be 
necessary for its vis inertia to be noticed, be placed in contact 
with it, if another body, B, with any given momentum, comes in 
contact with the intermediate body, the two surfaces of the inter- 
mediate body will be urged towards its centre with a force 
* exactly as great as if each side had been struck with a momen- 
tum equal to that of B. This, besides its being an actual fact, 
as Mr. Herapath may at any time prove by experiment, neces- 
sarily follows from the axiom whicn he himself has mentioned, 
that action and re-action are equal ; for if that axiom be true, 
the re-action of the fixed ball must be exactly equal to the action 
of the bsdl in motion ; and that it is so, is also proved by the 
fact that the ball requires to be fixed with strength sufficient to 
afford such a resistance, otherwise it would be driven away. 
Mr. Herapath, however, from the reasoning in the foregoing 
extract, immediately concludes; ‘Mlence if two bai4 and equal 
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balls come in contact with e(jual and opposite momenta, they 
will separate after the stroke with the same velocity with which 
they itiet. For since the intensity of the stroke is the force with 
which each if the bath is acted on in a direction opposite to that in 
fvhich it came at the time of the contact ; and since that intensity 
is, by the preceding cor, equal to twice the momentum of either 
ball, each ball at the time of the contact might be conceived to 
be acted on by two opposite forces, one its momentum, impelling 
it towards the other ball ; and the other, the force of the contact 
equal to twice its momentum impelling it in an opposite direc- 
tion. The difference between these two forces, therefore, or the 
value of one momentum is the force with which each ball 
retraces its path ; and, consequently, the velocity of the separa- 
tion of the balls is equal to the velocity of their approach.** 
How Mr. H. proves, that the intensity of the stroke is the 
force with which each of the balls is acted on in a direction oppo- 
site to that iff which it came at the time of the contact/’ I am at 
a loss to discover ; there certainly is nothing suggested in the 
paper under observation even pretending to be an argument to 
that effect. The intensity of the force is equal to the sum of 
the momenta” with which both balls come in contact,” half 
of which is in one direction, and half in the opposite ; so that the 
intensity of the force of contact, according to his own previous 
reasoning, is exactly double to that of each ball in the direction 
in which it came at the time of contact ; consequently, if each 
ball at the time of the contact be conceived to be acted on 
two opposite forces, one its momentum impelling it towards the 
other ball, and the other the force ” at the time of the contact 
impelling it in an opposite direction,” which will be half the sum 
of the momenta ; tnat is, exactly equal to the momentum of one 
ball, each ball will remain at rest, instead of separating in oppo- 
site directions. 

Thus if a man push with all his strength against a wall, say 
with a force as 10, action and re-action being equal, the wall 
resists with a force as 10, exactly in a similar manner to the fixed 
plane in Mr. H.’s proposition. If, instead of the wall, there be 
an opposing active force, another person, for instance, pushing 
against the first with an exactly equal force, the effect to the 
first Avill be just the same as the wall, and neither person will be* 
able to move the other. But by Mr. Herapath’s reasoning each 
person would be acted on in a direction opposite to that towards 
which he pushed^ by a force equal to twice the force of either 
one ; that is, with a force as 20, and consequently both must be 
pushed backwards ; a conclusion notoriously contraty* to fact. 
And yet this is the reasoning by which are to be overturned, in 
one short page, the doctrines of Newton, Maclaurin, Hutton, 
Playfair, and innumerable other mathematicians, in relation to 
the Gollisiott of hard bodies ; the first principles of which too are 
as nearly as possiWei Self Ovidcat* ' # 
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I hardly think it i? tiecessary to examine further the mathema- 
tical demonstrattQn^ of the theory, it being so entirely founded 
upon the prcmosition and corollaries which nave been the subject 
of the preceding observations. The next proposition, however, 
may, periiaps, afford a few remarks. 

“ It a hard ball strike another hard ball at rest in the line of 
their centres pf gravity, an exchange of state will take place ; 
the former will remain at rest after the stroke, and the latter will 
prqceed in the same direction in which the first was moving, 
and with the same momentum.” (Annals of Philosophy for April, 
p. 287, Prop. 3.) ^ 

The following is tlie reasoning in support of this proposition, 
rejecting that part of it which is collateral to the argument, and 
using words instead of algebraic signs, which offer difficulties to 
persons unaccustomed to them. “ If we suppose A (the moving 
body), so sm^l as to have a ratio to B (the quiescent body), less 
than any assignable ratio, the ratio of the motion of A after the 
stroke to the motion of A before the stroke will also be less than 
any assignable ratio, nierefore the motion of A after the stroke 
will be unassignably small ; that is, the body A will remain at rest. 

* And because the motion of A after the stroke is indefinitely 
snrall compared to the motion of A before the stroke, the inten- 
sity of the impulse will likewise be equal to the momentum of the 
moving body A before the stroke. But since the intensity of 
the impulse is the force acting upon the quiescent body at the 
time of the impulse, it is also equal to the motion acquired by 
this body. Therefore if a haid ball, &c.” 

And tnis is mathematical demonstration ! This of course justi- 
fies Mr. Herapath in that dignified condescension with which he 
gracefully and decorously considers that former mathematicians, 
and Sir Isaac Ts’^ewton among the number, have been mistaken, 
not so much from absolute incapacity as from want of attention; 
and to suggest that had they imagined the consequences dedu- 
cjble from the collision of hard bodies, they would have scruti- 
nized it with greater care. It is wonderful how important is the 
consequence from so simple an assertion ; because “ the motion 
of A is unassignably small, therefore it has no motion at all ; ” 
that is, because a thing is unassignably small, it does not exist. 
Beautiful reasoning ! Conclusive argument ! Invincible demon- 
stration ! Having too infinitely greater force from its wholly relat- 
ing to things (atoms and their motions) which are all unassign- 
ably small, and, therefore, according to Mr. Herapath, which do 
not exist. 

Again because if A be unassignably smaU, its motion after 
the stroke is unassignably small, that is, it has no motion ; 
therefore, ‘‘ if a hard ball” (having any magnitude whatever) 

“ strike another hard ball in the line of their centres of gravity,” 
its motion after the stroke would be unassignably small; that isj 
it w ould have no potion. What can be niore unanswerable ? . 
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There is, however, one advantage in this mode of reasonmg 
which of course I ought not omit to mention. It is well kiwwn 
that anyone who publishes a theory is frequently atts^ked on 
opposite sides. For instance, while 1 am endeavounng to show 
that this proposition is not founded in truth, another may 

attempt to prove that if it were, the consequences would be such 
as directly to contradict the supposition that heat is motion; for 
it may be said, that if it be true, “ that when one hard body 
strikes another in the line of the centies of gravity, an exchange 
of state will take place ” then if a body* the particles of which 
have any degree of momentum (that is, a heated body), wre 
brought into contact with a body, the particles of which had no 
motiSn (that is, an absolutely cold body), an exchange of state 
would take place; but the effect, which would be absolute m 
the extreme, would be proportionate in the mean. If one body, 
therefore, were brought into contact with another whose parti- 
cles bail individually a less degree of momentum, a change ot 
state would take place in proportion to the diflerence in the 
momentum of their particles ; that is, if one body were brought 
in contact with another body having a less temperature, an 
exchange of state would take place. This, however, is 
to the iact ; the surplus temperature would ^tually be divided 
bv them. But here a distinguished excellence of Mr. U. s 
reasoning comes into use ; for in order to meet this opposite 
argument it is only to change the terms, and the same reason- 
ing may be made to prove exactly the contraiy to what it proved 
before ■ like the newty-invented steam-vessels, which can sad 
backwards or forwards with equal ease. Thus let the body, B 
(the quiescent body), be supposed to have a ratio to 
ino' body), less than any assignable ratio instead of the reverse, 
and, mulatis mutandis, the argument wiU stand thus : If we 
suppose B so small as to have a ratio to A less than any 
ab^r ratio, the ratio of the loss of the motion of A by the stroke, 
to the motion of A before the stroke, will also 
assignable ratio ; the difference in the motion of A, thwfore, 
before and after the stroke, will be unassipably small ; that is, 
they will be just the same !’ It will be easily seen that the whole 
argument may thus be reversed, so that, 

citous, the same course of reasoning which proved ^ 

exchange of state between the balls will take place, may be^ade 
to prove that such an exchange of state will not take place. 

But the proposition is in itself worthy of being repeated. If 
a hard ban5’ (L example, one foot m Lament) .. 
hard ball,” (of the magnitude of a pins head,) 
line of then centres of gravity, an exch^ge of state will take 
the former,” (the large ball,) “ will remain at rest after 
ftHttokl SSe htter,” fthe pin’s hendbMl.) ;• «.U pmneed 
in thesamedirection in which the Brst was mnvmg, and with 
the same luomenium.” 
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What can be more self evident? It really seems a pity that 
Mr. Herapath should have expended so much time in demonstrat- 
ing by the mathematics that which is in itself as self-evident as 
that two ‘and two make five. I only wonder how the cannon 
balls with their hard particles can get on, when they strike the 
hard particles of the atmosphere in the lines of their centres of 
gravity. 

° But to draw these observations to a close. Mr. Herapath has 
expended, I do not doubt, a degree of labour and industry in the 
foimation’of his theory, which, well directed, would have done 
him great honour ; and in giving any thing like plausibility to 
arguments founded on such propositions, he has exhibited very 
considerable intelligence and ingenuity. But he has in truth 
quite mistaken the road to philosophical science. He must con- 
tent himself to travel along the beaten path of the inductive 
philosophy ; it is the only course by which he will make any 
procrress in arriving at truth in natural philosophy. Let him 
iither ascertain new facts by experiment and observation, or 
reason from facts already known to new and more general laws 
and principles ; and from the patience and intelligence he has 
already exhibited, there is no doubt but he will both benefit 
science, and acquire reputation for himself. But if he take 
another course, and first supposes facts the existence of which 
he cannot prove, and then endeavours to build upon those mere 
fitraients of the imagination, a grand system of nature, he will 
assuredly ultimately find the foundation give w^ under him, 
and gather from it only mortification and regret. True scientific 
discoveries never have been, and if we can judge from expe- 
rience, never will be, so made. The Royal Society was ongi- 
nallv founded after Lord Bacon’s idea, to oppose such a method 
of reasoning, and establishes one more consistent with sound 
philosophy. Mr. Herapath, therefore, ought not to wonder that 
that Society should at first have rejected his paper. On the 
contrary, the scientific world should rather be surprised that they 
ultimately admitted into their Transactions a theory founded 
only on gratuitous assumptions, and on supposed laws of colli- 
sion of bodies, as contra^ to truth, as they are to those princi- 
ples which have been admitted as incontrovertible by the ablest 
mathematicians in all ages. 

• I remain. Sir, yours, &c. C, 
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" ~ Article V. 

Oh the Origin of the Name of CalomeL By Mr. W. R. Whatton. 

(To the Editor of the Annals of Philosophy,) 

jSIIl, Manchegfer,, Sept* 10, 1821. 

In the Apnah of Philosophy for Octpber and December last^ 
are inserted some observations and queries relative to the origin 
of the name of calomel ^ and the maimer in which the mercurial 

appellation, became so 

subject, I have consulted 

the folio win authors : 

Joan. Baptist, Montani, Medicina Universa, pub. 1587. 
Hieroriinii Mercurialis Opera, died 3606. 

Joaiinis Renodei Dispensatoriuin, pub. 1615. 

Barthol. Perdulcis Universa Medicina, died 1621. 

Sennerti Opera, died 1637. 

Theodori Turqueti Mayennaa Praxeos in Morbis Interdis 
^Syntagma, died 1655. 

Ejusdem Turqueti Opera. 

Riverii Observationes, died 1656. 

Ejusdem Riverii Praxis Medica. 

Twelferi Pharraacop. August. Refomiata, pub. 1661. 

Joan. Baptist. Sitoni Miscel. Med. Curios, pub. 1677. 
Rayraondj Jo. Fortis Consult, et Respons. Centurim Quatuor, 
pub. 1677. 

De Blegny Zodiacus Medico-Qallicus, pub. 1682. 

Lexicon Medicum Castellanum, pub. 1682. 

Boneti. Index Medico-Practic. pub. 1683. 
liTichol. de Chesneau Observationes, pub. 1683. 

Jo. Hartmanni Oper. Omn. Med. Chym. pub. 1684. 

Freind de Purgantibus, pub. 1719. 

Boerhaave de Medicamentorum Viribus, pub. 1720. 

Ejusdem Boerhaavij Materia Medica, pub. 1720, 

Quincy’s Complete Dispensatory, pub. 1720. 

London Pharmacopoeia, pub. 1720. • 

Clarkii Hist. Lumbricorum, pub. 1725. 

HofFmanni Clavis Pharmacop. Schroeder, pub. 1742. 
Pharmacop. Edinburgensis, pub, 1744. 

James’s Medical Dictionary, pub. 1745. 

Lewis’s Experimental Hist, of the Mat. Med. pub. 1768. 
Alston’s Lectures on tlie Mat. Med. pub. 1790. 

Of these, Montanus, Mercurialis, Renodeus, and Perdulcis, do 
not mention any other preparation of mercury than the unguen- 


preparation, usually known by that 
designated. 

With a view to the elucidation of this 
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turn hydrargyri, and the subliraatura ; Sennert is the first who 
notices the mercurius dulcis, and its method of preparation ; and 
none, prior to Quincy in 1720, speaks of ciomel, with the 
exception of Turcmet, De Riviere, and Bonet. 

Sir Theodore Turquet de Mayenne, knight, and Baron of 
Aubonne, was a Frenchman, and born in the year 1572. He 
took th^ degree of Bachelor of Medicine at Montpelier in 1596, 
and the Doctorate in 1597. He was a scholar and chemist of 
the fii*st eminence, and Physician to the King of France ; and 
in 1616 was invited to England by the British Ambassador, 
where he successively became first Physician, by patent, to 
James L and Charles, and died very rich, and with a high repu- 
tation, at Chelsea, in 1655. He wrote Praxeos Mayenniae in 
Morbis Internis Syntagma, and the Opera Medica, both which 
were published after his death, the one in 1690, and the otlier 
by Dr. Browne in 1703. 

Sir Theodore Turquet is the earliest author to whom I have 
been able to trace any mention of calomel, and that not as a 
new preparation, but merely as a name of his own choosing, 
expressive of the qualities of the mercurius dulcis of Sennert. 

As Turquet w^as a physician in most extensive practice, an 
etcellent and experimental chemist, and a man of high rank in 
the service of the King, and eveiy where enjoying the greatest 
popularity, it is not iinprobable that to him will attach the merit, 
if any exist, of adopting the curious designation in question. At 
the end of his last work is given an ample Pharmacopoeia, includ- 
ing a large number of chemical preparations of different kinds 
of his own invention, among which stand the mercurius niger, or 
^thiops mineralis, and the clyssus mercurii, very similar to the 
mercurius dulcis, except that it was only three times sublimed, 
and afterwards w ell washed in cinnamon or rose water. This 
form of preparation had its name from the Greek to wash. 

Tn the course of his works, Sir Theodore makes use of the 
terms pulvis calomelas, J calomelanicus, mercurius calomela- 
iiicus, calomelanicus sublimatus dulcis, and calomelanicus optim. 
praeparat. indifibreiitly, by all which he means to express himself 
as speaking of the submurias hydrargyri. At p. 20, lib. 2, he 
writes, as if feeling his way in the use of a new formula, D. 
Brochant sumpsit mercur. calomelanic. et Guttm a 9ss; nauseam 
levem passus est citra vomitum, dejecit duodecies, et biliosa ; ” 
and some time after w e have the doses, accompanied by this 
observation, mihi notae et millessima experiential faelicissime 
comprobatae mercurii praeparationes sunt, aquila rubra, pulvis 
calomelas, mercurius lunaris, pvaecipitatum album, et (quod 
meumestinventum) clyssus metallorum. Horum doses sequuntur ; 
aquila rubra datur per se a gr. xij ad gr. xx. c. theriaca; calo- 
melanici sublimati dulcis a 9j ad 5ss; mercurij lunaris gr. vj. 
and gr. viij, vulgaris dosis gr. vj ; clyssj (sive mercurij universa- 
lis) 3j ad 5ss. 
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Contemporary with Turquet were Du Chesne and De Hiviere, 
and in compliment to the former, we meet with a composition 
called after his name ; Turquet, therefore, tells us^ that the 

Pilul. Quercitani constabat ex vel 5ss coch. minoris et gr. 
xij. mere, calomelan.’’ This, moreover, was the celebrated pan- 
chymagogus Quercitani ; and the mercurius dulcis mixed with 
scammony, noted by Mr. Gray in his communication t)f Dec. 
last, as spoken of by Riviere, is, in like manner, the Calomelmm 
Tarqueti, given in his Observationes, and not in the Praxis; and 
also in the Epistola apud Hildaiium of Doringius, noticed by 
Bonet, and so called after Sir Theodore. To prove that niercu-* 
rius dulcis and calomel were one and the same preparation, I quote 
from the Syntagma, p. 287, de Hydrope, a sentence of a case 
“ datum Chelsej, Junij 26, 1651. Elateriuin commode et faelici- 
ter cum mere, dulci jiingitur ; viz. ejus gr. ss vel ad summanr 
gr. j cum. gr. xij. xv. vel xx mere. dulc. caloinelan/' Of the 
origin of the word various solutions have been offered. Quincy 
Ihiiiks the mercurius dulcis was called calomel after the subli- 
mation had been frequently repeated ; and so says the London 
Plrarmacopoeia for 1720. Gmelin’s notion, from fxsXi, honey, 
alluded to by Mr. Gray, might do, as in apomel, hydromel, aril 
oxymel, but, unfortunately, we have cdlome/aincus sublimatus 
dtifcis, a repetition by no means necessary. 

Dr. James gives good, and/x£Xac, black, from its virtues 

and colour, and says, that “ it fomierly meant mercury well 
pounded with sulphur, and reduced to a black substance, but 
now" calomel, in the common acceptation, means the mercurius 
dulcis six times sublimed.’' Dr. James is follow^ed in this idea 
by Dr. Alston, Dr. Hooper, and many others. 

The application of tlie name, as here specified, is, I think, 
sufficiently controverted by the fact, before observed, that the 
mercurius niger, or aethiops, was an invention ofTurquet’s, and 
is not mentioned until after the use of the word calomel had 
become frequent. They are also to be found in the same pages 
in different prescriptions, and could not be one preparation. 

It is true, however, that from tlie trituration of the oxymuriate 
with the current mercury, a dark cineritious tint is produced, 
by whicli, before the sublimation, the latter part of the name 
might in some measure be accounted for ; but when the coipplete 
process for producing the submuriate is gone tlwough, that is, 
removed, the powder assumes a most beautiful white. Was 
the word, therefore, indicated by the different appearances of the 
two stages of preparation? and would the use ol xaxoj and ^ikotg 
so applied be a sufficient explanation of the term ?^ I should con- 
ceive it would not. As a last resource then, what would be 
thought of the suggestion that the enigma might possibly be 
solved by good, or excellent, and a seaicher, from 

to search. 

I observe Turquet himself never uses the w'ord calomr/ano5, as 
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others dp after hinii hut only coJomelas and cfilomelaniciis ; the 
idea, therefore, will be less objectionable, inasmuch as it will not 
be necessary to account for the first of these ternary if it originate 
from an erroneous conception of T-irquet's meaning, an^. one 
may suppose the second J third to be latinised in the same 
wav, for example, aspan'^hymagogus, from ir«aevy all, humour^ 
and ay#, to draw, a conceit of Du Chesne s, iiv nc v minded. 


The synonyms met with in 

Aquila alba, 

Aquila caelestisy 
Aquila mercurii, 

Aquila mitigata, 

Calomelas, 

Calomelanos, 

Calomelanos Turqueti, 
Calomelanicus subl. dulc. 
Draco mitigatus, 

The dragon tamed. 

Dulcified mercury. 

Dulcified sublimate, 

Manna cselestis. 

Manna mercurii. 


the course 'vf mese inquiries are : 

Ifianna metallort n, 

Mercurius dulcis, 

Mercuri’ s dulcis sutlimatL.^, 
^dercurius dulcis vulgaris, 
Mercurius dulc. officinalis, 
Mercnriiis edulcoratiis, 
Mercurius dulcificatus, 
Mercurius sublimat. dulcis, 
Mercurius calomelanicus, 

5 calomelanicus, 

Mercurius loticus, 

Panacea merciirialis, 
Panchymagogus Quercitani. 

I am, Sir, &c. 

W. R. Whatton.? 


VI 

.^ronomical KJb$ervuti( 1 
R) "" . e oy, FRS. 

Bushey Heathy near Slamnore, 

Latitude s]^ 37' 44*3" North, Longitude West in time 1' 20‘93". 


Oct, 24. Lmertion of Jupiter’s third J 
r siutellite.. . \ 

Oct. 28. Emersion . of Jupiter’s first 5 

satellite,, J 

Nov# 4. Emersion of Jupiter’s first C 

satellite ( 

Nov, 6, Emersion of Jupiter’s first < 
wtellitc J 


lOh 34' 22" ? Mean Time at Bushev. 

!0 35 43 > Mean Time at Greenwich/ 

S 09 5 1 ? Mean Tinic at Bushey. 

9 11 12 > Mean Time at Green wichif 

It 05 19 { Mean Time at Bushey. 
n 06 40 > Mean Time at Greenwich. 

5 $2 50 > Mean Time at Bushey. 

6 34 II > Mean Time at Greenwich^ 
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Col. Beaufoy on a new Wind Guage. ^ 

Articlk VII. 

• / 
Description of a new Wind Gmg%,or Apparatus, for determwing 
the effective Pressure of the Wind upon a given Surjace. By 
Col. Beaufoy, FRS. (With a Plate.) 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Biiahey Heath, near Stanmore, A'^on. 18, 1881. 

I HAVE Ihe pleasure of sending a drawing and description of 
a new anemometer, which I find from experience is capable of 
measuring the momentum of the wind with great accuracy. 

Several instruments of this kind have already been constructed 
with more or less skill ; but as the generahtv give merely the 
relative impulse, I shall only notice three of the best. 

The first was invented by Mons. Bouguer, and is fully 
described in his learned and scientific “ Trait6 du Navire, de sa 
Construction et de ses Mouvemens,” published in the year 1746, 
The second was constructed by Dr. Burton, and its machinery 
is detailed in Mr. Martin’s second volume, p. 211, of the Philo* 
sophica Britannica. The third is that of Dr. Lind, an account • 
of which is to be found in Dr. Hutton’s Mathematical Dic- 
tionary. M, Bouguer’s instrument is exceedingly well adapted 
for makino- e.xperiments at sea ; but I found it could be rendered 
more accurate by cutting teeth in the slider to turn wheel-work, 
to which hands were attached similar to those in the accompany- 
ino- plate. The anemometer of Dr. Burton shows only the rela- 
tive impulse ; but the absolute force of the wind may be de^r- 
mined by referring to p. 94, vol. viii. of the Annals. Tile 
disadvantage of Dr. Lind’s wind guage is, that in storaiy weather, 
the water is liable to be blown out of the tube. It was with the. 
machine I am now about to describe, that some of the experi- 
ments were made recorded in p. 277, vol. vi. of the Annals. 

I remain, dear Sir, truly yours, 

Mark Beaufoy. 


The apparatus consists of a thin board or screen, one foot 
square, having a brass bar projecting perpendicularly fron^ its 
back surface in the middle thereof; this bar is supported and 
guided between eight brass rollers, arranged in a fixed fi-ame m 
sucli manner that the bar and screen may be capable of sliding 
freely backwards and forwards, by the action of the wind upon 
the surface of the screen, when the apparatus is placed with the 
bar in a horizontal position. The force ^ith which the wind 
acts upon the screen is ascertained by a weight suspended ^ a 
silken cord passing round a spiral or fuselU upon the axis of 
which, a smk cylindrical barrel is fixed ha^ a chain fsi^ar 
to those used in clocks) winding upon it; the other end ot the 
chain is attached to the sliding bar, so that when the screen is 
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pressed backwards, if draws the chain, and turns the barrel and 
tusee round, drawing up the weight, which acts with an increas- 
ing pow'er as the screen is forced further backwards, by the 
silken cord winding upon a larger radius ot the fusee. The axis 
of the fusee is furnished with a ratchet wheel (and pall) to retain 
it, and prevent any retrograde motion ; in order that the index 
upon the axis of the fusee may indicate the extreme point at 
which the screen had been forced by the wind at any period of 
the experiment. 

The construction of the apparatus is particularly described in 
Plate Xll. Fig. 1 represents a perspective view of the whole 
apparatus, placed in a situation to act ; it is mounted upon a 
mahogany tripod stand, similar to the portable instruments used 
in surveying. The upper part of the apparatus is sunnounted by 
a light stick bearing a small .silk flag upon its top, to show the^ 
direction or quarter of the wind, in order to place the surface of 
the screen perpendicular to the direction of the vvind^s motion, 
previous to making an experiment upon the force of it. 

Fig. 2, represents a side elevation of the apparatus with only 
part of the sliding bar, B B, shown. 

Fig. 3, a plan of the whole apparatus. 

Fig. 4, a side elevation with some parts of the frame removed 
to explain the internal works ; and figures 5, 6, and 7 . represent 
transverse sections of the apparatus taken at difiercnt parts ol 
its length. The same letters of reference serve to | denote 
similar parts upon each. A A, the screen which is attached 
by a screw pin p to the extreme end of the bar B, B. « «, 
h b, represent the four roUers which serve to guide the bar 
horizontallv ; and c c, d d, those which guide it sideways, as 
seen in fig. 3. C and D, the chain, one end of which is fixed 
to the underside of the bar at C, and the other end winds round 
the barrel D upon the axis of the fusee F. G shows a silken 
cord, which w’inds round the fusee, having a weight H hooked to 
the lower end of it ; Fi, the ratchet wheel upon the fusee axis, 
furnished with a click or pall, 1, to prevent the descent of the 
weight, after it has been drawn up to any particular point by the 
action of the wind upon the screen A. K K, reinesent two brass 
plates, which receive and support the axis of the fusee, as also 
the axis of the pall I, and the pivots of the tw o rollers, a a. The 
plates, K K, are kept parallel by three small pillars, S S S (in 
the manner of clock movements), and are attached by screw 
bolts, c e, to the wooden block M, which forms the principal 
frame of the apparatus. The wood rises up at N, and is hol- 
lowed out to contain -the small rollers, //6; the pivots of which 
turn in brass plates, h, screwed on each side of the block, as 
seen by the dotted hues in the plan, fig. 3. 

The' vertical rolleVs, d d, are supported by brass cocks, it, 
screwed against tl«i .plates, h k ; the pivots of the other vertical 
rollers, c c, also turn in cocks, k k. screwed to the plates K K, 
as seen in the t'/ans.versc section, fig. 5. O, shows a circular 

6 


I 
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brass plate, axed upon the upper part of the trii^ «tond ; and 
P another plate connected wim the block, M, byv^^^ass fork, . 
Q, and centre pin, R, as may be distinctly seen >n eg.J, tormiM ' 
a turning joint capable of a slight motion to adjust ^e ippara^s 
into an horizontal position, which is determined by -tki spmt 
level, L, axed upon the block, ^ The moUon upon the centre 

pin, R,>s regulated by two mUled head screws. ^ 
through a strong brass cock or angle piece, ^ ; Jxed by three 
screua to one side of the fork. Q, the ends of the screws, T, 
bearing upon the top of the block, as may be seenintlie section, 
ag. 7. m m, represent two thumb screws, which enter into 
holes in the plate O, and pass through obhmg grooyeSj a w, in the 
plate P (see hg. 3), to allow of turmng the app^tus round a 
mall quantity to adjust it into the direction^ of the wind. W, 
shows\e dial plate, which is divided into 100 equal paits, and 
numbered at every tenth division. The dial plate is placed con- 
centric with the fusee axis, which has a needle, «, hxed upon 
the end of it, to point out the portions of a turn of toe *psee ; 
and the small circle of hve divisions upon toe to^ is fwished 
with a needle, i, moved by a wheel and pinion_(sitaated behind 
the dial, as will appear in figures 3 and 6), of such number ol . 
teeth as to cause the small needle, x, to advice 
sion during an entire revolution of the 

needle will indicate the number of turns which the silk cord has 
made upon the fusee, F. X represents the stick whicn carries 

the wind flag upon the top of it. . . ^ u 

The apparatus is furnished with weights of various sizes, to be 
used in krong or light winds ; they are adapted to ^ up m a 
case along with the apparatus in order to 1» remov^.ft^ one 
place to another in a convenient manner. The scree%s'A, may 
be taken oft', and carried separate by withtoawmg toe screw pm, 

» ■ Z fig 2 shows a small brass hook, which is ad^^ to enter 
mto a hole formed in the bar, B. to prevent its running ou^ and 
breaking the chain in setting up the appatatusfor use. 

To find the value of each division on the dial plat^or powei^ 
to move th« 

of a silken line was fastened in the hole, d, tig. , 
extremity was hung a light tin cup, the mterineiH 
cord passing over a well made ' pulley ', JrUSpeoi 
ing of a room ; and in this cup were plac^>a«i] 
of small leaden shot, to move the inde* ^ 

tvas afterwards detached, and weighed^ 
the result written down in^, 
pounds and decimal parts of pounds 
cflinder and fusee were accut^iy^ turl^ 
cut, it was found not ' " 

■ tenth one being sufficiei^&:^^ '?b4^?|*i 

by taking proportionsd pa^ill' w to^ 
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Tables of Temperature, and a Mathematical Development of the 
Causes and Laws of the Phenomena which have been adduced 
in Support of the Hypotheses !^ “ Calorific Capacity , Latent 
By John Hetapath, Esq. 


^CpHtinuf^ p. 388.) 


Theory if Evaporation. 
Baor. XV. Tbeok.XIII. 


If T represent the tme temperature of water inclosed in a 
vacuum, I say tbe tension of its vapour will be equal to 30 K 
(•002783313 T — 2-2637 H)"** very nearly, estimated by the 
pressuresof a ccdumn of mercuiv in inches. 

I sh-all not hem enter into the investigation of this theorem, 
because it requites the previous solution of other problems on 
which I have not yet touched, but shall proceed to give philoso- 
pherB a few specimens of its accordance with phamomena from 
the experiments of IHr, Robison, Mr. Southern, Mr. Dalton, and 
Dr. Ure, 

Scltolium. 


It is necessary to observe, that tlie constant quantities were 
determined from Dr. lire’s obso-vations published in the Piiiloso- 
pkical Tramaotions for 1818. These observations are the latest, 
mid in the higbM- temperatures the most correct 1 believe that 
have yet appeared. In the lower temperatures, that is, beneath 
212° of they vvsry nearly coincide with Mr. Dalton’s num- 
bers ; a oircunistance by no means discreditable to the care and 
skill of bothj- and not uncalculated to give us confidence in the 
rest of the Doctor’s results. Unlortunately I'or myself 1 have 
neither Bi!..llre’8 nor Mr. Dalton’s papers at hand, and cannot, 
therefor^ avad myself of dteir labours to push this part of my 
inquiries,)^ it respects other vapours, to the length 1 could wish ; 

if eve^ j hhould write on the subject of vapours agaui, 1 hope 
I shaiH Isive more time befiire me, and be better prepared to do 
4t justice. At pisjBBenti my object in giving this theory is to 
ate the way lb# -the aolahoBS of one or two pnncipal pte- 
i to the theory of th» steam engine. Philosophers 


I havessucceeded or not. 



be 32° Fahr. then by 
783313 T - 2'263714)»-* 


•61 959& log. 9‘71<^683. . , ..vA 


A x' 8' =''7:*Wm464: . 

A X -2 = 9-9431337 
30 log. .. £472SSS-:S". 
•140 log. 9-i4&S014 ;. 




The tension of aqueous vapour, therefore, at 32° Fahr. is -140 
m. by Dr. Ure, by Mr. Dalton it is •20,fltidby Mr. |qqtliern 16. 


Example 2. — Let the temperature be 165° F^. then by 
mie 3,T = 1I30‘1. ■ ^ ? . 'v' 


1130-1 log. 3-0531T69 

•002783313 log. 7-4446621 
3-14641 0-4976790 

2-26371 




"SS:, , 


0-88170 log. 9-9463208....A 

A X 8 = 9-6625664 
A X -2 = 9-9890642 
30 log. 1-4771213 ■ 

10-684 log. 1-0287519 ' V - ■ 

Hence the tension should be 10-684 in. By Mr. i® 

and liv Dr. Ure 10*80. . ^ t 

Thes "arc as unfavourable cases for the theory a«. any I think 
vhich can be picked out in temperatures beneath th* bqihng of 
laJer ; let us, therefore, see what will be the^^sdt in some of 

he superior temperatures. 

■ Fxamole 3. -Suppose :the twsSiftliiSlprS^^p 
[ i not aware that Dr. Ure has o^e 
difference between the Jn^ications V an> aw 
thermometer, I have in 

SSl^'vhS if Dr. Ure» has 

the th'eoretical accuracy pFAefpmida^wh^gd,^^^ 

■* tpewive^ilw 
dal as tha true i 







its results to 


its 

l^erefbre'260i"!^''”'-': ■ ^ ^ 


’ 249’lwhichgjrest’ab.3dT= 1205*1 Iog.3‘081(j231 
Hi' :■ ■ a* = 7*4445621 , 

ifS^ ; : " ■ 3*3542 0*5255852 . 

2*2637 ' 

, , ,, 1*0905 log. 0*0376257 . . A 

' ■ ■ A X 8=0*3010056 

■ V:'"'- -v ■■■' ■ A X *2= *0075251 

6 = 1*4771213 


61*05 1*7856520 


The theoretical tension is, therefore, 61*05 in. By Dr. Ure’a 
experiments, it is 61*90, by Mr. Southern’s 60*00, and by Dr. 
Ure’s formula, it is about 6*2*95. 

Example 4. — It is required to calculate the tension at 295°’ 
Fabr. mercurial. , . 




292*9, hence Tab. 3, T = 1242*4 log. 3*0942614 
, « = 7*4445621 


3*4580 0*5388235 

2*2637 


1*1943 *0771 134.. A 


A X 8 * *6169072 
A-:' Jt^: .*2 w *0154227 
■,iH6,,s=:' 1*477121^ 

128*66 2* 1094512 


, - By ;,Dr. Ure’s 


"mi 









tmn^le 6.— Le\ 

Cor. —2-6 ' ' '^- ' ' ii ^ 


309'4,IienceT3= 1256*2 l<fe.3’0990588 ^ 

■ . 0',!ss''^i*'i446621- - ■' 

■3*4964 

2 - 26 ^' ' J' 


■■■ 


- A/:x/-2 ■*».'. '*0181761' ^ ■ 

6 = 1*4771213 

166*84 2¥2^^ '•■ 

Dr. Ure’s experiments rive this tension ’167*00 in, and his 
theorem ab'out 161*06 in. that is, nearly six inches beneath his 
observation. ' 

, Example 6.— Suppose the temperature be 343*^6° Fahr, 

343 * 6 ° . 

Cor. -3*6 

340*0, which gives T=1281*2 log. 3*10761^ 

a = 7*44^2ffe:.,' 

- 3*5666 0‘S521430'.,' / 

■ , 2'2mrf:-' ' 

1*30119 0*1146776 ;.A 


A' X 8 , ■«-':pl66208';': ' '^'^1'' 

Ax *2 asr' '*0229165,. ' - 

■ : ■_ , vAr:^;;i?477'i;S^;f,.’,, 

. 261*01 ' 

This tension comes oat 26L in, By Mr. Sputi^fp 
240. Bnt if we observe Mf, Sontteil®’».|epsioB8 |n .ti^bi^fo* 
ranges fall much below Dr. -lire's, aio41 iWt in a^f ia®resu»^ 
ratio. When Mr. Son^e^ makea # m, pr. Pro 

it eW ; and when Mir.^Soathem’s is.dbublea, or 1^, 
is above 126; so that in doab%g thp.tnosi^n, th| im$iref^j^ 
more than trebled. If we ailol^'l^ 
hold good in another 

ought to be about 19, whi^/ add)^l,^;’mj;3oi*th**^^^ 

-woidd give for Xh*. Ufk’a Mcpippl 
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to be by our theory. Wheth^ $uch a law between the difFereirce 
and force of tensions is correct, it would be speculative to affirm ; 

. h}it this se^ms very evident I'rom a comparison of ttje experi- 
ments, Ihifl: had Dr. Ure carried his experiments, to the same 
temperature, he would have brought but a much greater tension 
than Mr. Southern has* It is, however, very curious tliat Dr. 
lire's theorem, according to Dr. Thomson, makes the tension at 
343*6^ Fabr. only 210, or full 30 in, lower than lVlr. Southern's 
experiment. But if it is so much below Mr. Southern's obser- 
Tations, what would it be below his own if (‘arried to the same 
length? There is every reason to believe the error would have 
been at least 50 inch, or upwards of a fifth part of the whole 
tension. 

What could be the cause of Mr, Southern's tensions being 
progressively lower than Dr, lire's, itis difficult to say decidedly ; 
but 1 rather think it must be owing to his tliermometer. if the 
instrument indicated too high a temperature in the higher 
regions, the errors would undoubtedly commence from the boiling 
of water, and increase probably proportionally as the temperature 
ascended. Suppose the error at 250^ Fahr. was 1-83^, at 2-934’“^ 
it would be 3*9% and at 343*6^' about (r3^. Keducing Mr, 
Southern's temperatures by these quantities, tliey become 
248‘17‘^, 289*5^, and 337*3^, the temperatures atwdneb the leii- 
aions ought to be fiO in, 120 in. and 240 in. By Dr. lire's obser- 
Tations, it would seem that at 248' 17"^ the tension is aiioat 60'03 
in. ; and at 289*9®, which is only *4® higher than289*v>^’, it is also 
about 120 in. So also by the theorem which I have shown to 
agree so nearly with Dr. Dre's observations the tension'et ;i37*3® 
is very nearly 240 in; Hence w ith this simple correction the 
two observations may be very nearly reconciled. 

The examples in the following table 1 ha\'e endeavoured to 
collect as the most disadvantageous to the theory. In other 
instances 1 think it will in general be found that I'hc differences 
are less. To these examples 1 have added some calculations 
from a theorem given by Dr. Ure. 


jTensionft in iiiclic* of mercury €filculati(H'(s from tlie' 


Temp. 

observed by 

theorems of 

errors ot 

i'ah.r. 

Robison* 

Dalton. 

Ure. 

Ure. 

HerapaOi. 

Ure. 

lierapath. 


l);Ki 

020 

0‘20 


‘ 014 


-^-•06 

80-0 

0*82 

100 

l*dl 

106 

0-939 


-•071 


3*()0 

S-33 

3-30 

3*37 

1*300 

*f *07 . 

•000 



10-08 

10*80 


10*684 


-*196 

212-0 

S(H) 

30*00 

30*00 

.1000 

3()‘0e0 

*00 

, *000 

240*0 

34-0 


5U70 

52*46 

50'863 

'■ -f.. -TO- 

' -*8ST 

2300 

■ -^mS : ' 


61 00 

62*95 

61*05 

-• 4-' i*05 


mo-0 

1 80-3 


72*30 

1 mm 

72*40 

4-2*61 

^•10 


, 04*1 j 

i / 

86*30 

: . 88*^-. 

85*79 

; +f09-;- 

-*5l 

nm-' 


/ 

9.1*48 


93;83 1 


' -e-IS 


; 4034:.:;:; ( 

i 

lOHJO 


101*17 ^ 

+ 1-51 


283-8 

I 

tf 

107*70 

' ■ ■ ' ' f V;;,. 

107'49 
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TABIiB cmthmed. 



Koblson. j Dalton, 

'Vre. 

Urc. 

Heiapttth. 1 

Ure. I' 



1 1 2 29 


' 1 lO’OB 


,0 


114-80 


113-52 • 



1 

12015 

119 95 

l.IS'9.'* 

-.0*25 



123* 10 


123*03 



I 

129 00 


r -128 -OO" ■ 



I 

139^10 

137 94 

■ tmm-' 

-1-76 


■ I 

161-30 

157*25 

I6l*6t ! 

-4*05 



167-00 

1 01*05 

I 166*84 

—5-95 


~y*i2 

'-^4-22 

- 0*01 

-~0*34 

~^0-34 
^0 16 


■ — -t ^ j' 

i Tension# in inches of ima-curytalciilstions {ftrothoj 

1 observed by ! Ujeojeais oi 

T«mp. 

Fdir, 

285^2 
g87''2 
290*0 
292*3 
295-0 
S00*0 
.310-0 
312-(^ 

Ineed make no comment on Urn very striking, I might almost 
sav nerfect mrreement between the numbers observed and com- 
puUik from tire theorem I have given. While Dr. Ure’s theorem 
is often 2,;, inches, and towards llie end as much as 4 and 1) inches 
in error, in no ofie instance docs mine deviate 2j mches ; ai»d 
■were the observations perfectly correct, 1 think it would never 
err at tlu; most more than about an inch, tor about tire tem- 
perature 2ko°, when the error is the greatest, the expcrimeiits 
disao-rec with one another so much that little dependence can be 
placed on them. Thus the dillercnce bet-weeu the tension at 
285‘2° and that of 287-2°, tau degrees above it, amounts to only 
2 (i iuclies; while tlie diff(;ri‘iK;e for }-4° beneath it ®qual to 
d p inches. Now 1-1° ; 'i" 4-5 inches : 6-() mches. rherefove. 

takim'- the ditiereiice between the two lower temperatures as 
correa, and following only the ordinary "on 

lion fliC difrerence betvveeu the tension b of 2bi> and ^ 
.should be ()-ti inches ; and we know, according to the .laws ot 
the inci (>ase ol’ tension, tlie difll-rence sbouhl exceed this if, the 
livst diflereuce be chrrcct, yet Dr. Ure’s e.xpernnents give only 
-'•(i inches Ml'cht we not coiisequenfly venture to say tliat ttie 
oTcater part of the deviation, 2*12 inches, at the temperature 
■'^8o-2° does not belong to the theorem but to the gbservation . 
Howevei-, I frankly confe.ss, that for want of having the whole 
Dr. Ui c’s observations when I investigated this theorem, there is 
a possibiiitv, or, peihajiS, a probability, of ray not having deter- 
mined the^mbiWary constants to a very great accuracy ; apu, 
therefore, it is possible the tlreorem might not be pftffectly con- 
sistent with truth in every part of the table; yet I think it may 
’be safely depended on ihroughout the whole of Dr. Ure s range , 
of observation to an inch, or, at most an me i and f 
Even to a tension of 60Q inches, or 20 atmjspberes* 1 thmk ite 
error would scarcely exceed 5 or. 6 inches. In the higlw 
ranges, where Dr. Tire’s theorem begins to liyerge 
melt vefy rapi(%,:lfe.agietnenl.«d^:^h?^4m|^ 
■^ncideiL. F«;;a:M,aegtee|s^ 
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Ure's will have tbe adva^tetge ; because this is made 

the point of departure in his theorem, whereas in mine it was 
only used as one of the conditions^ indeed it is questionable, as 
IksWl' pffesend^ show, whether philosophers are not deceived 
respecting the actual tension of vapour at 212^. It has corn- 
moldy that the tension of vapour at 212*^, and 

die atmospheric pressure under which water v^uld bo^l at the 
same temperature are perfectly equal; but fr®i the vilws to 
which i allude, it seems evident that this, strictly speaking, is 
not the case. The teasion, there is no doubt, is at the same 
temperature greater than the atmospheric pressure of ebuUition; 
but whether at 212® this difference ia a a question I 

am not experimentally prepared to prove. Let it be tried at a 
low pressure, or, for instance, at a few degrees of temperature 
above ebullition in vacuo, and I feel persuaded the difierence 
will be easily detected. 

Mathematicians can hardly conceive what labour and trouble 
the investigation of apparently so simple a theorem has cost me. 
The iime indeed which this theorem has consumed out of the 
small portion, not more than a month, I have had to discover, to 
investigate, to make my researches, and to write the present 
theory of evaporation, combined with other avocations, disadvan- 
tages, and an indifferent state of health, has contributed to 
render the theory and inquiries much less perfect than I could 
wish. However, the scientific world will not, I presume, be dis- 

f deased at my having sacrificed a part that can easily be retrieved 
of the discovery of a theorem which, with others, I shall in the 
course of this paper develop, will enable us to give the last 
stroke of perfection to the theory of one of the most powerful 
and useful instruments of modern invention, the steam engine. 

By this theorem, we find the temperature of no evaporation is 
about 813'3 true temperature, and about 131® of Fahrenheit 
below zero. Dr. Ure’s theorem would put the temperature oi‘ 
no evaporatibii at an infinite distance Below 32® Fahr.and again 
beyond 450® Fahr. it would make the tension decrease instead 
of increase with an augmentation of temperature — a conclusion 
decidedly wrong. 

If T denote the tension, then the true temperature T = 

/ T 

\ / 2^263714 ' 

' ; so that the tension being given, we caneasdy 


find the true temperature corresponding ; by Dr. lire s theorem, 
this cannot be done in a direct and general manner. 

This theorem, an^ those I have already demonsto^^ will 
easily enable us to resolve almost ev€?ry queition relative to 
evaporation, and th^ specific gravity, elasticity, 8cc. of steam ; 
but the applicatioii i4 so easy 1 forbear entering into it. 

I have already pmnted out the between evaporation 

and ebullition ; qnd* ha'i^e showm that th^ one arises^ from 
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decomposition at the surface, and is, therefore, mfluenced by 
temperature only, and the other from an internal decomposition 
which subjects It to the influence of pressure as wejl as tempe^ 
ture. From even a first view of phauiomena at this- pbint,^^ne 
would infer that the temperatures of tension and ebullitiim, or 
the temperature of a fluid at the proper tension ofits vapory, -and 
the tnmheraype of its ebullition under an equal liressure, are 
different ; thJ&tter being higher than the former. NotwHhstand- 
ing the obviousness of this difference, philosophers have never, 
to "the best of my knowledge, discovered it; but have confounded 
the two phsenoinena together. To set the diff^nce in a clear 
light; let us descend*to the temperature of ebullition m vaimo. 
By Mr. Robison’s experiments^ it wonld seem that all fluids boil 
at about 124° of Fahrenheit less in vacuo than under an atmo- 
sphere of 30 inches. Water, therefore, will boil at about m 
Fahr. in a vacuum. Now, by Mr. Dalton’s expenmente, the 
tension at 88° is 1*28 inches ; but because an increase of pres- 
sure retards the temperature of ebullition, if we put on the suriace 
of the water an atmospheric pressure of inch, we must 
evidently increase the temperature to make it boil ; and as it is 
about the incipient state of ebullition we must probably increase 
i1. many deorees. Therefore the temperature at which water" 
boils under a pressure of 1'28 in. is higher than the tempeiature 
corresponding to an equal tension. Let us merely, for the sa e 
of continuing the argument, conceive, that with a pressure ot 
1-28, water boils at 100° Fahr. At this temjierature the tension 
is 1‘8(), or ‘38 above what it was before. Consec^ently, it w 
increase tbe pressure on the water by -38 so as to make it 4-8p, 
w'e shall increase its temperature of ebullition, and make it 
higher than 100°; but at the tension 1 - 86 , the temperature^ is 

KK)°; hence, therefore, the temperature of ebullition is stiU 
above the temperature of tension. By carrying «« tbe^ argument 
in this wav. it will appear that the temperature ot ebullition is 
always higher than the temperature of tension ; though it is 
manifest that as the tensions increase, the two temperatures lyiU 
continually approximate, until at very high tensions no sensible 
difference can be discovered. , ' , . * m,. 

The following table, computed from the expenm^ts ot Mr 
Dalton and De'Luc, strengthens this inference. f.uc, 1 

believe, deduced his boiling point from apressure of29-8 im and 
Mr. Dalton from a pressure of 30 inches. The onh temperature, 
212° of ebullition, corresponds to about 311-66 of the otlien^^l 
have, therefore, increased Mr. Dalton’s temperatures by '34 , 
•34°, -33°, *33°, -33°, -31°, -31°, respectiwily> to make them cor- 
respond to a like pressure of ebullition. 
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Hail'S of obs^atioii. 

barometer,, in 

EoghsU la-j Falw. by l)e; 

■■ VlLuc. 

.1 . . 

• 

Toipp. in Falir. 

the 

ten«ion« being tbe 
same as De Liic’s 
Jfcw^ometnc pres- 

Ex jess, of temp. 
Ebullition above 
temp. Temper, 
tension in Fahr. 

* 

Beaucaite* • * * r 

30-105 j •212'83° 

' 212-60° ^ 

1 +0-93? 

■j'GeiievaX . . • 

28-835 1 210-49 

210-34 

0-15 ■ 

Graap^e Town • . 

20-122 i 205-50 : 

205-33 

0-17 

Lans ie Bourg ^ 

25-732 ] 205-65 

204-56 

1-09 

Grange: le , . . 

26-673 1 204-71 

204-45 

0-26 

Gi’enairoB 

21-770 1 196-84 

196-51 

0-33 

Glaciere de B. . . 

20-971 i 195-26 

194-75 

0’51 


If any corroboration of the simple condnsion I have drawn is 
wanting, the numbers of the present table, if correct, afford it. 
Philosophers, however, liave been so accustomed to confound 
the temperature of tension with that of ebuBition, that it is 
become habitual to consider them as one. Into this error it 
seems Dr. Wollaston has fallen. This gentleman has presented 
two papers to the Royal Society, describing an instrument which 
Ire terms a barometrical thermometer, for ineasuting tire heights 
of mouhtains by the temperature of the ebullition of water under 
different compressions. I have not mysell read the Doctor’s 
papers, but by the accounts I have met with, he makes tin; tern- 
perathres of ebullition and tension the same, and computes them 
from a theorem given by Dr. Ure. However useful and correct 
Dr. lire’s tlieoreiu may belortlie determination of the tension in 
the neighbourhood of 212°, it cannot, from what I have just 
shown, take from Dr. Wollaston’s method the disadvantage of 
confounding two distinct things, and, therefore, of being itself 
founded oirerroneous principles. 1 shall make no observation 
on the probable increase by such a method of the common baro- 
metrical errors ; nor shall f enter into any discussion of the other 
merits of the instrument. My object is merely to show tliat 
■whatever merit may result from any ingenuity of idea, the prin- 
ciples of the instrument are not such as can be called correct, 
wiiich I have no doubt the Doctor will, on a «light perusal of 
what J! have written, iraraediately perceive. 

At some future period, I may describe a simple portable alti- 
meter I have contrived, that Mr. Trimmer and myself have some 
thoughts of making, which appears to me to possess all the 
advantages of a barometer, and to have an almost indefinite 
precision, with a convenient portahiUty ; but now I am anxious 
to say something of otl^r matters. 
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Mathematical l^rvs of the Fkanoimia oj Csmpmcular A ggre.M^ 
tiou and Decomposition, or of the Phanomena addin ed in 
Siqyp^f t of the Ifypot of JLutent Heat, ^ 

Pro 1*. XVI. Pros. III. 

It is required to determine from experiment and tlie pri^i^es 
akead'li^ delivered, the ratio of the baromerins of a gi veuy<jdy m 

the vsoikl arui fluid stat^ • J . 

The bodies of wliich I now intend to treat are those winch 
chaiiae their state at a fixed temperature ; and as 1 have not 
time befdre me to enter minutely into the peculiarities of each 
one of this class, 1 shall confine myself to the consideration ot 
the phtt'.Domena of water, which will serve ior an example of the 
wav ill which like inquiries with other bodies are to be conducted. 

ice below 1000 true temperature broughtinto a room, or into 
an air, of a much higher temperature, will gradually beconie 
warmer, until it has attained the temperature of its liquelaction 
1000. No sooner has its temperature ascended to this point 
than it continues stationary until the wlrole ice is melted, how- 
ever much higher the temperature of the surrounding air may be. 
But, when all the ice is once melted, the temperature will again, 
nrogressively ascend to within a trifle of the ternpei ature of the 
air. During the time the liquefaction is proceeding, the con- 
stant comiriunication of temperature goes, as 1 have already 

shown, to supply the defects in ^®"Xathm^^ 

occasioned by the decompositions. Ums then 

certain additional qnautitv of motion among the particles of a 

it™, ,i.»f ity of iL raise it W a c.n.,„ 

the point of liquefaction without melting any of it. Incrc.c. g 

the quantity of that distributed excess will only tend J 

part ofthe ice, but have no effect on the temperature, proyded 

it be not more than sufficient to melt the whole of the ice. 

Hence as it is. immaterial in what way the 

ture comes, we may conceive it to be 

of a higher temperature mixed with the ice. It is, tbeicfort, 
evideritfv iiossihle to find two such quantities of water at a given 
temperature above 1000, qr to find two such temperalures abow 
1000 for a given quantity of water, that if the two quantities W 
mixed with two given but equal portions of icn 
perature, in one mixture the temperature shall be j.UBt 1000 with- 
out any ofthe ice being melted, and in the other the 

• .tollb^the,am«. avd'aHofitmetad. S-“t& 

tie bamiiierm of the ice unchanffca; the laUer, it ^ 

equal to that of water. And the same c^nge in 
of the ice and no more would take plaee, the wl ' » 

instead of being just melted, had been rdised to a cot‘^htably 
higher temperature. From these premises ire have to deteimm 
the ratio of the baromerins. t . * 
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Call B the baromerin of a given portion of ice, W the weight 
it, which we suppose proportional to the quantity of its 
matter, and T its true temperature. Let If, w, t, denote tpe same 
tSiTi^s respetjtively of a given portion of ivater, and call t the 
true temperature of the mixture cleared from all adventitious 
cir(;>6sfi|stances. Then W B T -f 7v t h is the sum of the motions 
or tem^ieratures of all the parts of the bodies before the mi j^ture, 
and (W-S -f w h) r w^oiild be the same thing after the niixtute on 
the supp^Nftition that each body retained its respective baromerin 
unchanged- Therefore no motion -being gained or lost by the 
mixture, w^e should have W BT + %v bt ^ W B r -f w hr, and 

• s-f ; the same as we have in Cor. 4, Prop. IV, 

^However, because if the ice by the mixture be not melted, the 
water is most probably converted into ice ; or if the water be 
not converted into ice, the ice is into water, the baromerin of 
one of the quantities must be changed, and either (W B + ?e/>)T 
must become (W B -f w B) r, supposing the water frozen, or 
(W h 4* b) T, supposing the ice melted. In either case the 
sum of the motions, as w e imagine nothing gained or lost in the 
mixture, will be the same before and after; so tliat we have 
B T 4 %v b t = (W 4 1 /j) B T when the water ivS frozen, or 
ss (W 4 'w) h T when the ice is melted. In the former case, 
B ; A :: w / : W T — W r — iv t, and in tlie latter B : h :: W r 
w r -- wt : W T. Hence by knowing W, u-, T, /, and r, w e 
get the ratio of B to b. Q. E. 1. 

Cor. 1 .—Dr. Black, w ith w horn the present doctrine of Latent 
Heat originated, found, by mixing water atl72'^Fahr. w ith an 
equal weight of ice at 32'^, that the whole of the ice w as melted, 
but no addition made to its temperature. According to this 
experiment T = t = 1000, i 1 13G*5, and W, w, may each be 
put equal to 1^. Thluefore B : b 2000 — • 113(r5 : 1000 :: 
863*5 : 1000 :: 19 : 22 very nearly. Consequently tlie baronieriri 
of ice is to that of water as 19 to 22 very nearly ; and the mass 
of a particle of ice is to that of a particle of water as 22 to 19. 

Notwithstanding philosophers have written so much on the 
doctrine of ‘^ Latent Heat,'’ they appear to be so poor in experi- 
ments that I have met with but one besides that from which I 
Lave computed the preceding numbers with w hich I can compare 
the tlieorems I have investigated ; and that one is to be found 
in almost every book on the subject. Dr. Black mixed 143 half 
drachms of water at 190® Fahr. with 119 half drachms of ice at 
32® Fahr. In a few minutes all the ice was melted, and the 
temperature of the mix/ure found to be 63® Fahr. By Table 3^ 
190® Fahr. gives 1 153, and 32® gives 1000. Therefore 

® T 4* Vo h t X 19 K 1000+ 143 X 23 x 1153 

■ " '(W 019 + J43)\88 ' ~ ' 

which gives 62' 6° l|ihf. or only *4° below what Dr. Black deter- 
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mined it to be. So far,- therefore, the theory again coincides 
with all the experiments I have to produce. 

Cor. 2. — By the preceding cor. it appears, substituting fci’® 

19 W T 22 » 1 , t,, ,, t 

and b their values, thatr = (vy-f«)22 the.^ice is 

melted, and t = 

W, T, .denoting the weight and true temperature of the ice or 
snow, and i/;, t, the same things of the water, r being the true • 
temperature of the mixture. 

Cor. 3.— Hence we have w = ice being • 

melted, and tc = frozen. From 


these theorems two curious cases arise, the circumstances of 
which we can easily determine ; namely, that •at a given temper- 
atm e two unequal portions of water may be found, which, mixed 
with equal weights of snow at a common temperature less than 
32^* Fall!', or two unequal temperatures may be found at vvliich 
two equal portions of water in like manner mixed with equal 
weiglits of snow at a common temperature less tliaii •12'^ Fahc. 
wiU produce a mixture of the same temperature ; that is, 32^ 
Fahr. f can only stop to compute the first of these cases. Let 
us put W = 1, T == 990 (22J.^ Fahr.), / = 1010 (4Uf Fahr.) 

and T = 1000 ; then by tlie hrst formula w = ™ = 14^, 


and by the seccaid w 


190 

3220 


about 


Jl 

IT* 


Therefore, if a given 


quantity of ice or snow at 22x° *Fahr. be mixed with of its 


weight of water at 414*^ Fahr. the temperature of the mixture 
will be the same as if the ice or snow had been mixed with 14t 
times its weiglit of water at thesaid 41f' Fahr. ; that is, in other 
words if 17 oz. of snow at 22-5° Fahr. be mixed with only I oz. 
of water at 41*6° Fahr. any additional cpiantity of water at the 
same 41*6° Fahr. not above 245 oz. will only melt the ice par- 
tially, l)ut not raise its temperature. 


Scholium. . 

The numbers 22 and 19, which we have determined for the 
haromeriiis of water and ice, denote also the respective powers 
of these bodies to affect the temperature of any otlier body, ahif, 
thevelbre, denote numbers proportional to what are called thfe 
“ capacities” of these bodies. Now* the “ capacity of watCT 
being 1,” Kirwan determined the “ capacity of ice to ,he *9,” 
and Irvin *8. The mean of these two is *^5. By the raiio of 22 
to 19, it ought to he *86. Thus then gar theory furnishes 
with a simple formula, which, from the nun4)ers of a single expe- 
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i&ent, enables us to demonstrate the laws and the phEenomena 
which have engendered the hypothesis of “ Latent Heat and 
G'ierific Capacity.” Will any' theorem ‘derived from the hypo- 
thesis of calpric enable us to do this '! or rather will that doctrine 
furid»i, us, from its own principles, with any general and compre- 
hei^i* formula of the kind ? If it will, some one, perhaps, will have 
the eo?,<lness to let the world see it ; and to let us know something 
more otl&e merits of a doctrine, which I own appears tq me to 
■ be more entitled to attention from the ability of some of its 
friends, than for any claims to respect which it has for its innate 
worth, or for the good it has done towards the extension or 

‘ science. 

Pkop. XVII. Prob.IV. 


The temperature of a given weight of ice, and also of a given ' 
wei^dit of water, being known, it is required to find the quanti- 
ties‘^of water which shall be in the solid and flqid state after the 

mixture. . . . • 

If the water be not enough in quantity or temperature to raise 
the mixture to 1000, the whole of the water, hy the piecediug 
Prop, and Corollaries, will be frozen ; and if it be enough to 
raise it beyond 1000, the whole of the ice will be melted. Ihese 
extreme cases are easily found ; lor by (. or. 3, Ih'op. 10, 

wlien all the mixture is frozen and its 


' ii2 / - 19000 
temperature 1000 ; and it 


W . “ 


19 T 


when the mixture 


22 t — 22090 

is completely liquid, and its temperature 1000. Therefore li the 


given 


tv 


exceed 19 W . 


19000 


22 t 


and fall sliort of 


the mixture will be partly liquid and partly 


2^ i - 22000 


solid. 


W B T wU 
W B f 


Again, since by Cor. 4, Prop. 4, r = 

19 WT + 22u:t I for B and their values found by 

19' tr 4- 22 w ^ ' 

Cor, 1, Prop. 16, and by supposing there is no ^ohdihcmtion or 
liquefoction arising from the mixture, we shall have lOUU — 

on the idea that is the quantity in the solid 

19 W + 22 w' 

state aiKi iMi in the fluid state, the mixture being at 100(), 
the temperature of liqu§<hction. But there being no nicrease or 
dimmution of Matter, W' -f = W + le, and, therefore, 1006 == 


19 W T 4 52 to f 


and n/ 


19 W T -S «5 ^ — (W 4 w) ^ 9900 


the 

— i, W-UU w — 

•.19 (W + te) ‘f Stc'C ■ ^ 

quantity of water in Consequently^ + w? to 

is the quantity of in the mixture. 


w 


t 




1821 .] Causes of Calarr/ic Capacity^ Latent Heat, ' 447 

Cor.— Hence if w' is equal to or greater than W + w, all the 
mixtuni is liquid ; and if it come out nolliing, or negative, all 
the mi.xture is solid.* By putting «/ = 0, we shall 

_ If) \v iQoo - 1 j j putting ■»/ = W -i.- w, we'^shall 

W — IJ yy ■ 5 j i o ^ 

-- W ‘^‘~****^ ~ ‘ . which theoremti coincide will)''- those 

— »v • _ sjaooo’ ’’ 

deduced in the first part of the present proposition. 

Puoi'. XVIII. Tuicou. XIV. 

If a given wflght, v;, of water at a given temperature, t, be . 
tin-own' On or innced with an indefinite quantity of ice at the 
temperature of its liquefaction, 1 say that the -weight of ice 

melted, no other cause interferiug, will be equal to 22 w, 

I'liis thefirem I have given without demonstration in the 
Scholium to Prop. 1 of the present paper, or page 102 of the 
present volume of the Aiumh. 1 miglit with propriety have 
deduced it in a cor. to the preceding Prob. Init in consequence^ 
of its involving lire theory of the Calorimeter, tlie invention of 
those celebrated pliilfi.sopliers MM. Lavoisier and Laplace, i 
have made it the subject of a sefiarate projmsition. 

In wliatcver way we conceive the water to be ayiplied to the 
ice, whetlier if be scattered over an indefinite portion of it, or 
commuiiic.ate m -a body with one particular part, it. has no 
influence ori the quantity ol ice liquefied j for the quantity 
melted will be evidently projiortional to the amount of tempera- 
ture the w hole w -ater can jiart with to reduce it to tlie temperature 
of liquefactioii ; that, is, to the excess of the water’s temper- 
ature above lOOd, and the quantity of the water conjointly. 
Hence, the temperature of the water will have no eflect on any 
other part of the ice but that vvliicli it absolutely liquefies ; and, 
therefore, we may, in jiursuing the consequences of the mixture, 
imag ine tile w ater to be mixed with as much ice only as it leally 
liqueiies, and totally disregard its Connexion with the rest. Let 
VV*' be the quantity it licpiefies ; then lyOOO W^' + 22 w t is 
( qnal to the united temperatures of the ice and water before the 
mixture, and 22000 (W' + w) the .same thing after the mixture. 
But nothing being gained or lost, t hese quantities must be equal ; 
tliat IS 22000 (W' + «■') = 19000 W' + 22’ w t : whence 

.-X f “ 1 (}0() -y-v 

— 122 IV . Q* m 

. Cor, L— The application of this therein to the determina.. 
tion of the quantity of ice melted in the caloriMeter, I have 
already given, by calculating the effect which an equal weight of 
w ater at the given tempei'ature would have, and then augment- 
ino' or diniiuishing thi»s effect in the proporlioii of the baiomerin. 
of water to that of the body to be tried 5 but die theorem may be 
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expressed iit terms of the weight, baromerin, and temperature 
of the body itself, by only changing the weight and baromerin 
etthe water for the like things of the body. Thus if the weight 
of titf botlyJie Q, and its baromerin q, that of water being 22, 

,,,, 1-1000 
have vV = Q </ ^ • 

C(A 2.— Hence conversely the barom(;rin of any body may be 
disco vested by the weight of ice it will melt in the caloiimeter. 

For by the last Cor. we get y = <^^-^00/ general 


expression. 

Scholium, 

Because by specibc caioric ” is meant the ability of bodies^ 
to affect tlie temperature of another under equal circuinstanceH, 
reckoning in Fahrenheit degrees vvitli our English philosopliers ; 
and because these degrees within ordinary limits are sensibly 
proportional to our lants ol true temperature, it is plitin that the 
ratio of our baromerins, determined Irom the preceding theory, 
oinght to <*oincide very nearly with the ratio ot the ** specihc calo- 
rics,*’ Let us see liy tlie calculation o( one ol Lavoisier and 
•Laplace’s experiments how far this will he the ihey put 

a piece of iron-plate, at the tempea'ature of UToV’ centigrade, 
weigliing d*77‘J(i4 kilogrammes into the calorimeter, and at the 
end'^'of ll hours Ibund its temperature was reduced to O' cent, 
and that ‘542004 kiiogrammes of ice werc^ melted. By jhe 
tables, p. 515, vol. i. •Murray’s Cliemistry, 97'o' eenl. = 20r5 
Fahr. = IKib-Otrue temperature. Theretbre, / = llOb*ti, W =. 
•542004, and Q = 3* 77204; whence by Cor, 2, of tins Prop. 


_ .1000 X *542001 
? 1'71264 y’lOb-O 


2*55635 the baronu'riu of iron jnate ; the 


baromerin of water being 22. Dividing the baromerin thus 
found by 22, it gives *1 l(ii39 ibr tlie baromenn of iron jilate, that 
of water being 1. .MM. jjavausier and Laplacfj ('.alcuiated the 
specihc (‘alone ’ ot this body tor th(i same unity at ’1106K 
which very nearly (‘oincuh^sVith our baromeiiii. A like accord- 
ance \v()uid, i have m> doubt, be ibund in other cases, but at 
|)resent this must sulhce^ 


, lOior. XIX. Tmeou. XV. 

In a fbrmer part of this paper 1 have shown that water may be 

cooled below the temperature oi'itsli(|ueliiction without solidilying, 
but thai on agitatincibt, a part becomes frozen, and the tempera- 
, lure of the wlfole nsuyto itKJO. Let u) be the weiglit ot a givbn 
quantity ot waiter cooled down to /, and let it be shaken; then 

the weight ot the (piantity frozen will he equal to 

Put W to denot(/tjic weight of the? water frozen, and we shall 
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have MJ — W' for the weight of the water not frozen. Since the 
temperature after agitation rises to 1000, the aggregate temper- 
ature afteir the agitation is 1000 {19W' + 22 (w — . w)} = 1000 
(22 w; — 3 W'). But the aggregate temperature before a^'ta- 
tion must have been 22 lo t ; and because no temperatiire is 
gained or lost bv agitation, tlie.se two aggregates must be (Ijqfial. 
Therefore 1000 ‘(22 — 3 W') = 22 w t, and W' = 2'lfw x 

1000 - t 

3000 ■ . ' 

Scholium. 


Dr. Thom.son, p.54, vol. i. of the sixth edition of his Chemistry, 
says: “ I find that when water is cooled down to 22°Fahr. very 
nearly^Vtl* the whole freezes by agitation ; ” “ when the pre- 
vious temperature is 27°, about of the whole freezes.” At22° 
Fahr. I = OHO-o; therefore, putting w = 1, our formula gives 

W' = 22 — - = = 7 ^ very nearly, which differs from — by 

.j-f^ d part of the whole mass of the water. Again 27° Fahr. 

5*2 1144 1 

gives i = 99F8 ; and, therefore, Vi/'= 22 

verv nearly, or which exceeds ^ by or ^rbth of the 

water operated on. Had Dr. Thomson, therefore, experimented 
with a pint oi water, or 20 oz. avoirdupois, which 1 expect is a 
greater quantity than he employed, an error in the first instance 

of only oz. and in tlic second of ~ oz. in the determination 


of the (juantity of water frozen would make his experiments 
coincide with our theory. A less quantity of water experimented 
with would give proportionably less difterences. W ith experi- 
ments of this kind there must be considerable difficulty in effec- 
tually preventing the fluid part at the separation from taking 
away with it some of the light, loose, incoherent solid which is 
formed ; and hence it must usually follow that the theory will 
e'ive somew'hat greater quantities than expeiiment, as we see it 
happens in the [iresent cases. , , r • 

If wc could cool the water down so low that the whole of it 
would congeal on agitation, we shall have W'’= w, and t == 1000 


_ = 8()3'0. Therefore could we cool water without freez- 

ino- to the true temperature 863-6‘, which corresponds Vith - 90° 
J’5ir. it would become one solid mass on agitation. Dr. Thrsm- 
sou Calculates from his experiments that tins would take place 
at — 108°. It is curious that the number -«^90° Fahr. coincides . 
with the greatest cold yet produced by mi^xing eight parts of 
snow with ton parts of siilphtiriG acid dilute u with half its weight 
of water, the constituents being first at the temperature - t)8° 
Fahr. ^ ^ 

Neiv Series, \oiu,u, 2g 
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Prop. XX. Puoii* V. 

- T f t it be recuired to determine the ratio of the baromerms of 
and A-apour, the result of some experiment on the mixture 

f. f I, mo’st inactical consequence, the determmaf.on of the 
“^hiteiit heat s ” If vapours. A fair specimen of these discordan- 
cies may be seen in tlie following table ; 

Latent licat of aqueous vapour. 

Black.". «<';f 

Lavomer 

Southern 

Clement mid Desormes - J'’ 

•Rumfovd. 

Thomson. 

•f'' . onn 

I re * 

In.B. Dr. TTe computes the latent heat of ivator to he 
but that ins expenmeiit gives only b8H \ have 

The numbei ‘ e^c volume of his Chemistr)’' ; but I 

iisillgllili 

mMsideraL, ami con.«<|aemly a ve.y pJ|‘"S 
mg Ih.. ea|.«.e. the c 

increase of only 6^ ; bi ^ ^ sufficient, if it be the 

Srof'corrSexp^mei^^^^ t6 enable ^ 

b.:.. 
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o'iven by Count Ilumford, wlio had evidently conducted hift 
experiment^ witli consiimuiate skill and precaution, .and nearly^ 
with tliat by MM. Lavoisier and Laplace, I have pref(5rred |lt 
for the investigation of the numbers of the present problem, 
ilesides it appears to me, tliat had Dr. IJre taken into account 
the matter in his glass basin and condensing <g]obe, he w/uld 
liave brought out a much higher number than he has, if not very 
nearly the same as Runvford, or Lavoisier and J/aplace ; and, 
therefore, 1 look oii that philosopher's experiment as corroborat- 
ing the higher nuinbers of tliese. 

By a similar train of reasoning to that which I have pursued 
in Prop. 16, we obtain the equation (?r + uO h r' = ic h t v)' C C 
when all the vapour is condensed, and (w q- w') // C = tc h t 
?// 1/ C when all the water is converted into vapour; taking w;, ty h, 
to reju’esent the same things as in the cited Prop. 1(), namely, 
tiie weiglit, ti’ue temperature, and Iraromerin of the water, and 
V}\ I'y //, the same things respectively of the vapour ; and taking 
t' to I’epresent the true temperature of the mixture. From the 
first of t hese equations, weliave 1) : t/ :: ur f : {w + v/) r' — xv 
and tVoni the second h : // :: (u' ~h xC) r' — ?// C : w /. 

] , — In the case stated by Dr. Thomson, to wliich I liave 
already alluded, it is said that* one part by weight of steam at 
21:2^' fadir. mixta! with nine [)arts of water at 62^, gives a mix- 
ture of 178-6'^ the steam btang all condensed. Here t = 1030*8, 
r' = 1142*5, t" = 1172*0, ?r = 0, and w' = 1 ; and, therefore, 

5 : (/ :: xv' t' : (vr -p xC) r' — xe / :: J172*() : 1142*5 — 9277*2 
:: 1172*6 : 2147*8 :: 1 : P831G6:: 6 : 11. 

VVe cun now, suljstituting these numbers, compare the theo- 
rem witii experiment. If we take the case from which w^e have 
computed them, the middle temperature will come out 178*8^ 
Falir, or *2'^ higlier than 178*(P from which the numbers w*ere 
derived. This diflereiice arises from the numbers 11 and 6 hav- 
ing a greater ratio than 2147*8 and 1172*6. 

"Dr. F re distilled 200 grains of vapour in 32340 grains of 
water at 42- o°, and found the result 49°. Here we have 

T = 1010-9 and t - 1172-6; and because ^ = 161-7, 


we have t = 


161-T X 101 0-a X () i- 1172-6 X 11 


6 X IGl’T d- 1) 


1017-9, whichgiv^s 


49-3° Fahr. that is, of a degree above what Dr. life observed 
k to be. In this experiment of Dr. Ure, it is to be observed fliat 
he does not note the height of the barometer at the time of the 
experiment, a circumstance which he mifl^t he aware would 
influence the result of the calculation, perhaps iudhed almost 
sufficient to -annihilate even the trifling difference which there is 
between the theory and experiment. My theorem presupposes 
the barometer to have been at 30 inched TRe same omission 
likewise exists in the following experiments of Count Rumford; 

and, therefore, I must assume the same, as in tlie.experiment of 

o .. o e .. 
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Dr.Ure, that the ebullition actually took place at 212° Fahr. the 

-ZTi'eSnenfiord diBlillell 29 01 French 
0f wX2781 ™e. of . . elect Fahr and found 

tL mixture 67-5° A. These data give W = 2781 , «;=2y bl, 
t =rio23-7, and t = 1172-6. To shorten the calculation, we 


\ . W _ 
may put — - 

1023*7 X 93*921 + 1 172*6 


=5 93-921, and then we shall have t = 

= 1035-6. which corresponds with 

93-981 -f 1 

Fahr -7° below the observation. 

In another experiment he f J^hr 

on the same quantity, 2781 grammes of water -at o HenS 

found the temperature raised to 6f-a° Fahrenheit. Hence 

w _ liiL = 113-9754 T =: 1026, and t = 1172-6. Therefore, 

V — 84-40 ’ 

_ 1086 X 113-9754 + 2I49-T6 _ 1035-8, or 67° F'ahr. that is -5° 

■V — ' 11.3-9754 + l~ 

beneath the experiment. The following table contains these 
calculations collated with the experiments : 


Ouantities mixed, with their temp., 
in Fahr. I 


Author! deb. 

Vapour. j 

AVater. j 

mixture by | 

1 1 

01 

theory above 


Weight. 

Temp, j 

Weight.] Temp. 

j Ex])er. , 

Theory, j 

experiment. 

Thomson 
lire. . . V . 

"~l -0 

200-0 

212 °l 
212 i 

9 j 62 - 0 ° 
32340 ; 42-5 

: 178 - 6 °! 
' 49-0 i 

! i 

178 - 8 ° 

49-3 

+ * 2 ^ 

Kumford . 

29-61 

212 

• 2781 ; 55-0 

1 bt\) 

1 f) 7-0 

1 


Ditto. . . 

• 24-40 

212 

‘2781 i 57-25 

i () 7*5 

1 

— *0 



L 

1 

1 

1 

jM. dift‘. 

-175 


Philosophers will perceive from this and the other specimens 
I have civln that we are not more unfortunate m our investiga- 
“„Tol?ll. ma.hnnatical luwuuf “ Uteu.Ucat” Hum wc Imvc 

Wvf-n in anv of tlie rest of our inquiries. 

'qqj.. 2.— Substituting the numbers thus lound lor It and 5 , w e 
shall have F' = the vapour being condensed, and 

all the water being vaporised. 

11 . (to 4- tv') 1 AA ^ 1 

By the Former ofOhese theorems, if tuke re = m te - 1 , 
. fom .0° F-Oir 1 ■! 1 63 and t' = 1 172-6, we get t = 1 1 '2 'f 
or'^P'^Faln-' that is, 1 o/,. of steam at 212° Fahr. condensed in 
00 ;. late;’-at„aboih 201° Fahr. will the tempera^^^^^^^^^^^^ 
the water to 212° Fahr. tlie same as I h-ave stated p. 10^ ot tlic 
present volume oC tlie 
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(^or. 3.^ — Because when the vapour is all condensed, and the 
water beneath 1172-6, true temp, t ' = “6 (» + w') ■’ obtmi^ 
s- (t' - is, a quantity of water being giver/,* a 

quantity of vapour may be found, whose temperature is known, 
which, condensed on the water, shall raise its temperaturejlrom 
any one given temperature to any other under 1 172*6, or the term 
of ebullition, according to the pressure under which we operate,^ 

4. — And since by the same formula we get w = iv 

we are enabled to determine the quantity of water, 

{ 7 ^ — / ) . 6 1 * 1 ’ 

which, at a given temperature, shall condense with a given 
increase of temperature a given quantity of steam whose temper- 

ature is known. „,-_6xim-6 , 

If we put t' = 1172-6, the theorem tc = -jY^6~:rT~T ^ 

determines the quantity of water at a given temperature which it 
will just require to condense the whole of a given portion of steam 
at a given lemjierature. 

5. By the second theorem in Cor. 2, wo tind w; — , 

- y'- ‘ Therefore the quantity and temperature of the 

.steam being given, the quantity of water at a given temperature 
may be found, which, introduced into the apparatus, shall be 
wliolly converted into steam, and the temperature of the mixture 
be reduced to a given temperature. 

Scholium. 

The numbers 6 -and 11, that I have found for the proportion 
of the baromerins of water and vapour, will also, like those tor 
water and ice, give the ratio of tlie relative powers of equal 
weights of water and vajioiir at 212® hahr. to effect changes m 
the temperature of any other body ; or, in the language of the 
old doctrine, they exhibit the ratio of the “ calorific capacities 
Therefore if the capacity of water be 1, that of vapour must be 
. I = 1-83 which difi'ers from the experimental determination 
1-55 of Dr. Crawford by a quantity which every philosopher will 
allow to be much within the limits that probability would assign 

to the errors of experiment. , . ■ i . .».;„i,* 

• From the baromerin of vapour tims determined, we Tl»ij,nt 
easily deduce that of any gas whatever, supposing the vapour and 
<ras respectively homogeneous. For this purpose, the J; 

published ill the Annals for July, 181 6, is, serviceable. By that 
theoreni. it appears that the baromerms ui any homogeneous 
airs are reciprocally proportional to the square roots of the spe- 
cific a-ravities ; and hence the barqmerm o? water being unity, 
that of any homogeneous gas (taking for granted that vapour 


• 


T 
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itself is homogeneous) is equal to ^ s/ in which V denotes 

Ifie specific gravity of vapoin-, and G tluit of tlie gas iiv question. 

'Diou^h this formula must be considered as mathematically 
true only in the case of perfect homogeneity, yet it would not 
differ very mateviully iu couipouiHl cases ; and, thereibre, iu any 
^rs with which we are acquainted. « 

Those baromerins, as 1 have repeatedly stated, are proportional 
to what is understood by the calorific capacities or specific, 
heats.” The discordance, however, in the determinations of the 
specific heats '” of ;a*ascs by difterent philosophers is so great. 


that it is absurd, if not ridiculous, to attempt to compare the 
theory with them. For instance, Crawford, wlio is conceived ]>y 
the British philosophers to be the most accurate in liis cxjieri- 
ments of this kind, makes tlie sjiecific heat ” of liydrogen 21-4, 
while De Laroche and Bcrard, who olitaiued the [irize of* the 
Royal Institute of France for tin ir exqieriments on this subject, 
make it only 3-293(j, wliicli is something better than a seveiitli 
part of Crawford’s. Again, by the former, oxygen comes out 
4*749, and by the lattei^ *2361^; sn that here Crawford's number 
is not only six or seven times, as in the instance of liydrogen, us 
•great, but upwards of 20 times. (Jur theorem gives l*3/o fur 
oxygen, and 5*50 for hydrogen ; but pliilosopliers w ill have the 
<ro*odness to recollect, that tfu’se nuinhers rest on the siqiposition 
of the individual homogeneity of* vapour, oxygen, and hydrogen. 
A theorem might be easily given for any degree of comjilexity 
or componndness of com])ositlon in the airs, from vvliich s* anr 
interesting conclusions may Ik' drawn : but tliese tilings 1 shall 
Toserve for auotlier opportunily. One jioint may be observed, in 
wdiich our theory agrees with thr gi rieral results of both jiarties, 
namely, that the '' specific heats ” of the lighter airs exceed 
those of tlie heavier. 

If we wisli to liave a theorem whicii will include tlie law^s of 
any changes on the body in its three states at once, we can 
easily ol>tam it. For since by Cor. 1, Pro|>. IG, when B = 19, 
5 = 22 ; and since by Cor. 1 of the present Prop, w lum b = G, 
//=: 11, we have B = 19, b ^ 22, ami 1/ = 22 x V == 
or if wm prefer whole numbers, B =: 5/, /> = GG, and// .= 1/1. 
From these data w^e get the general equations r = 

10 T W + 22 / n + 401 C ir' , 19 T AV -f 22 t iv + 40^ u' 


or = 


or 


19 ( M" r W + tv") ’ " (W -f W + w') 

i? ^ according as the mixture is wdiolly solid, 

40.^ (W + 10 -f- lib 

. wholly fluid, or wholly vapour. Several interesting phaenomena 
connected with these . general equations brevity obliges me to 
leave unnoticed. 

JProp. XXL PnoB. VI. 

The temperature of a given weight of water being kpow';n, to 


1821.3 Cftuse'i oj L'alori/ic ijUpacily, IjUteiii Ileal, 

determine the quantity which must be evaporated to reduce it to . 

f>enothK!’^af before, .the weight of the w'ater by w,, and 
putting «/ for the quantity of vapour liberated, we hwe t = 

” '0 < ^ whence w' = Q. p. I. 

() (.IP — ^ I I «/' t> H -> tt’ _ 

(p„). 1 —Coin eusely tlie iiuantity lost by evaporation, and tiie 
pnmitive’tcmperature; being given, the reduced temperature may 

easily be found ; for it will be simply t' = 

Co;'. 2. By this theorem we can also determine the ell’ect 

which a <'iv(‘ii (liiuinutlon oi cui)i))rcs.siC;u will have on the tein- 
Tierature ol' water bv suffering a iiortion of its vapour to escuiic. 
I'rom the \ lews 1 haVe tukmi in a preceding part ot this paper, the 
o-reutest tenH.erature water can endnre, under a certain compres- 
sion is its temperature of clmllition. 11 the temperature be 
atleuiuted to be raised above llus, ebullition takes place, and the 
decomiiositiou proiiorti-ms ilscll to the accession ol temperature 
so as to kcei> (he temperatuve at about the sauic. rherefore, il 
any part of tlie compiessum Oe removed, aim the previous tem- 
perature was liiglii r than liiat of eluilhtioii cnrrespondiiig to tiie 
reduced compression, ebullhimi will immediately ensue, and the . 
former temperature desceiui to the latter. ^ In pneral, and par- 
liciilarlv ill high tempeiutures, this dimniished temperature, m 
temperature of einiHition, will not, as I liave powii, materially 
Sa tVom the corresp.mding teuuierature of teiipm ; so that 
we iiiav hence substitute the cue lor lue otlicr wnliout comiuu- 

Img ain great errors. By Prop. ' Ijm-wogio ^ 

rompressioii, amlT' tlie temperature, L — oO • UO./boolu t 
o. >;/!: 1 .1 ' t' ; and. therefore, r' = 0 ' ' ' B. (pnsequeiitly 
The new temperature is immediately known liom the compres- 

Tlie weight of vapour likewise lost is given m th same teiins , 

, o/ - t') 0 .=• _ iZl 1^’ 

for w — ' — 1 —; •> r - ' K ■ 

Cm'. This theorem, and some of the preceding in the pre- 
sent paper enable us to develop several cunous tmngs lespectmg 
cooling aud diminution bv evaporation, m laiictioas ot them- 
selves^uid the time ; but these tilings leading to very extensive 
inquiries, 1 propose to eonsider them at another oppoid^Uiiity. 
However, any one who wishes to pursue the subject 
♦ many of the' pluenonuma involved in the eiptation 4 . 

• « t J t-'. in which T is the time^of departure from the 

mimitiVe tempei'ature f, w, as before, the primitive weight of 
water ; and t' the indeterminate temperalure. 

Scholium • ^ 

I liave sedulously looked ovex all the amthors 1 have at hand 
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on the subject in order to procure the results of some experi- 
ments to compare the present proposition with, but have not 
4>een fortunate enough to meet with more than one. ‘Mr. Watt 
hayjng befitted a quantity of water in a Papin’s digester to 400® 
Fah|*. suddenly opened the vessel, when about a fifth of the 
water rushed out in vapour, and the temperature of the rest sunk 
to 212®. By this experiment, r = 1172*6, and t = i329*2 ; 

and putting iv = 1, we have tv = "" 5 

I nearly. This differs from 4 ^ by a pj-^tli of the whole quantity 

of water; a difference which philosophers will allow to be suffi- 
ciently minute for an experiment of’ this kind. It is observable 
that the experimental loss exceeds the computed, wliich is just 
what we sliould expect from the manner of making the experi- 
ment ; for as the vapour rushes out with very great violence, it 
is higlily probable it will force out wdth it more w ater, than, if 
converted into vapour, w^ould be sufficient to reduce the temper- 
ature to 212^. 

The theorems demonstrated in the present Proposition and its 
Corollaries furnish us with very easy means of experimentally 
examining the effects of what is called radiation eitlier to or from 
water, under peculiar circumstances of temperature, ^c. ror 
the quantity evaporated being known, its indi\ ideal cMect on the 
temperature becomes known, and hence the effect of radiation. 

Pkop.XXII.* PiioB. VII. 

Let two vessels communicating with a boiler be filled w'ith 

♦ This problem, or ratlicr problems, was proposed to me in a very early stage of my 
inquiries into the laws of vapour* by a gentleman, an able mathematician, under cir- 
cumstances, whicli, to prevent misconception of their cause on one side, and the motives 
on the other, it may be necessary to mention. Being one afternoon at the Rev. H. S. 
Trimmer’s, 1 informed him, that some ideas had just before occufred to me respecting 
the difference between vapours and permanent airs or gases, which gave me hopes J 
should, at some period, be able to bring the phamoinena of vapours, and with them the 
theory of the steam-engine, within the pale of mathematical laws. During this conver- 
sation, I happened to mention that the gentleman alluded to had told me about 15 
months before, that he had a problem connected with steam which he wished to get 
solved, find which lie had projH)sed to some of the most conversant in tlicse matters for 
that purpose, but had not received any satisfactory answers At the same time I 
obsermt-d, that I thought, if I hail and knew what this problem was, I could solve it. 
Mr. Trimmer immediately proposed that I should write to the gentleman, and under- 
take the solution, and, without scarcely waiting for my reply, placed before me a pen, 
ink, afe paper. WTxile writing tliis letter, and keeping up a conversation with Mr. 
and Mrs Trimmer, 1 inadvertently gave the above gentleman not only liberty to send 
me the problem in question, b| t any other of Uxe kind he might choose. The disadvan- 
’ tageous situation in which tlm offer placed me, and the power it gave to a very able 
man to put my slcill to a severe trial, were immediately perceivetl , but relying on the 
accuracy of my principles, and the facility with which things flow from them, I deter- 
mined to send the letter off as it was rather tlian take the trouble to write another. The 
consequence was, that aboiu a fortnight afterwards 1 received the above problems, which 
1 at once saw far transcended the powers of any thing yet published to rctsolve. How*, 
ever, as soon as I had re&d them, I felt persuaded my theory would help me out ; and 
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steam of any temperature, and heated themselves to the same 
degree, say 212°. Let one be detached from the boiler, and let 
die other continue to communicate with it. Let the elastic forcf; 
of the steam be doubled, trebled, &c. in both ; required the .cor- 
responding densities of the steam in each vessel, one of course 
being constant; their capacities for heat, and quantities oflatent 
heat iJiove what is present at the temperature of 212°.” 

Case 1.— Let it be required to determine tlie ratio of the capa- 
cities. Suppose F„ F + «, F„ F, +«, to denote any Fahrenheit 
temperatures, and t, t,, true ones. 

Thett because t : /, ;; \/ F -f 448 ; F -J- w -f- 448, and : t ^ 
.. p; q. 448 ; v' F, + n + 448, we have t, — / : t., - r, 
a/ F + n -+• 448 


^ F 4“ 448 : a/ F, 4“^^ “F 448 




448 — \/ F, + 448 


- - . . - -- . . /F-f448 

and, therefore, = V K, + 448 

when fi = o, which is, therefore, the capacity at F,, that at F 

being unity. ... « 

Tiie ubove theorem giv’^es the ratio of the capacities in ternis ot 
the Fahrenheit temperatures ; but as the jiroposer rf^quires it in 
terms of the elasticities, and of the capacity at 212^, that also* 

may be; given. . o i- 

First, in the case of tlic detached boiler. By Prop. 8 ot my 


former paper, E = 


448 


_ F, + 448 

'FTliH 

when F = 212®. Hence by substitution 


accounting e = 30 




V 22 F 


a/ 660 


— ^ the capacity sought* 


i 6t)() 4 « 

\^hen n = o. 

Secondly, in the case of the attached boiler, we have Prop. 
21, Cor. 2, true temperature = ‘ F. ; and, therefore, F, +448 

fi60 . - - . I7y X , when F = 212°, and 

' 626i) 

30. Hence 




i:n3ooo 

the corresponding elasticity 




vZ 


((p ~ « E)'' 


3 

6250 


n-\/ 


(4>”‘ E)* 


6250 


/f — I \/ 660 + n 

capacity sought, when « = o 


a/ 660 


U72-6 


the 


uacitY — ... r lx' 

2.— To determine the latent heats m terms ot thQ^lastr 

6 tt? f + H 


all the 


mties. By Prop. 20, Cor. 2, we have r' = g («,+ »') 
steam being condensed ; and by Prop. !,• Cor. 2, .we have t == ' 

' ■ t 

thoutrU I had not then solved the principal part (our K>th Prop.) I replied that as soon 
as I was released from a mathematical investigation of Mifc ^ 

tion, wliich I was then busily trying to discover and airan|c for the press, l 

endeavour to (!«md hhn' tile soliitiods he . 


« 
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supposing w' to be water instead of steam. Therefore, 
— is the rise of temperature due to the conden- 


ut i + w* t 

w + wT 

^ -r r ^ 


5.tc' 

6^(ic •e'ti' 


sation of u/ weight of vapour ; and consequently is the 

rise due to the condensatioo ot unity weight of steam. Ikit this 
condensation raises not merely w weight ot water from t to t , 
butw 4- 1 weight. \Vluuice the rise of unity w^eight w ould be 

j which expresses tlie ehect ol condensation in terms ot the 

true temperature. Consequently in the detached boiler the effect 

in units of true temperature = und in the atiached 

boiler it = f. . e E ; accountlmg E the elasticity. And it we 
sup})Ose the effect of coiKlensation at 1 ahr. = 1, in the 

former case it will = \/ ^ iTTicii ‘ 

To exprer>s the same things in Fal;renlieil degrees, we may 
•multiply each exprcKssion by ^ IF" nearly, supposing; I'l 

the Fahr, degree corresjionding with t', and b the same tliiiug; 
corresponding with r; and tiie .products will nearly gix e tlu* 
latent lieats according to the common views. 

If it be riKpiired to give a correct expression in terms ol l ali- 
renlieit, tliat also may be done. Let us suppose the wriiiht oi 
vapour =; 1, that of water being ic ; and let L, ly, and l)C 
the Fahrenheit temperatures of the water, vapour, and mixture. 
Suppose' also tliat L ,. is the I'ahreiiheit. teupK rat ure which w'ould 
result froiii mixing' one of water instead ot steam at ly w ith w ot 
W'ater at F. Then F — F . is maiiitbstlv the increase ot tern- 
peruture occasioned by tlie condensation, and is, tlierelore, the 
whole latent lieat developed by tlu' condensation ot unity w eight 
of vapour. But this latent beat acts not on the w w'eight ot 
water only, but on tluj whole mass of water and condensed 
steam ; lor if there w ere no latent heat developed, the wViole 


^ It is ciirioiis (hat tin’s circ in n stance has escajXHl the notice ot Dr. 1 re in his calcu- 
lation the latent lieat of water, in the Transactions ol the. Koyal Society tor I81S, 
p- lie coifijmtes the latent heat from the foriimla (ly — l':<) instead ot 

iF.jf — Jtll'’) . (le -f i ). 15ut just above, in the same page, another error ot a more 

84 

CKtraordinary kind appears. The Doctor says, y- = *52 is tlie elevation ot tep)- 

, perature which 1 of water at ^( 2 ^ would occasion on 1CD7 ot water at 42*5'^. Jsow tlie 

truth is — — ^ ^ ^ 1 '04 is the proper elevation according to the old doc- 

161-7 + 1 162 7 

trine, pr double what Dr. lire has computed it to be. These errors rectified give the 

Doctor’s latent heat of waiter 6*5®— 1 '04® x 162*7 = 888^, instead of tl67®, Whether 
like errors pervade the oliicryatent heats he has tliere given, I cannot say ; I have not 
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mass w + 1 would remain at F ,, whereas it is found at F,. 
Hence (F — F,, ) . («> + 1) ex j3resses the Fahrenheit degrees 
of latent licat contained jn a unity of vapour at F, .. . 


j^ow by Cor. 2, Prop. 20, F., 




p” _ 448, therefore (F — F,). (w+ 1) 

= * '' X -OOOS t', which is a general expression for the 

«> + 1 

latent heat agreeable to the UiSual ideas. If to satisfv the pio- 
poser vve wish to have the expression tor the detached boih i in 
terms of the elasticity F., let us jiut/ the lower temperature equal 
to lOUO, and the elasticity (if the 3'apour supposed to follow the 
ordinary laws of gases at that tenijierature also equal to the same 

quantity 1000. Then (' = 10 x 10 E, and the latent heat is 

X -08 x/ITTe: 

In the case of the. attached boiler we have l' = E and 

,1 i 1C . tf; “ ‘ 0 4- ^ ~~ ‘ K 

i = e ; and, tlioreforc, the latent heat — ^ , 

X '0008 ^ E. . . .. 

From both of tliese expreBnions, we perceive the proportmn ol 
water to steam has an miluence in the determination oi the 
qviantity of latent heat wliicii may be one cause oi tile discor- 
dancies in tlie ex|)erimental results o( diilerent authois. 

(_'ase 3. — To determine the densities in terms ot the elastici- 
llesV One of the densities, that of the attached boiler, as the 
proposer observes, will remain the. same ; we have, thereiore, 
only to delenmne the other. Putting fHm tim a rithniend^^^ 
we have, by the theorem, p. 50, Tl/nza/s for July, loio, 4 I. cx 

a / i because r is constant, and a a tv ; therefore, lo a 


und V — '4i)4!j x 


E ISTium) 

y(f ^ 


2083 1 -216 X 


expresses the value of the specific gravity or density of 
in terms of tlie elasticity li us the proposer requires, the elasti- 
city at 2 1 2° Fahr. being 30, and specitic gravity ■4ij4d. 

Sc/tolium. ' 

If in the leading theorem of the first case we put F = o2 , 
F, = 122^, and « = 90'^ = F, - F |3r 212° - F,, we get_ 

nuttlc tlie calculations. My design in ixiinting out these, and odier thmgs Ihave W 
occasion to aUude U), is not, I assure the Doctor, to depreciate the merits «* ^ 
to which he must perceive I have been much indebted, but merely to caU hts 

toaiecomputatien of theresultshe has gpvon j for fromnojJerson,u spears om , 

the rcctifilciition of oversight* come with m good a grace a^ from their aAithor. 


* 
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t/ 660-^/510 1 81579 140 , 


So that from this 


it a]^pear«; tjiattthe capacity as we ascend in the scale of tern- 
jjMeratiire is decreasing, and that the mean capacity between 122 
and 21*2^ is to the mean capacity between 32^ and 122^ as 140 
to 151 ; De Luc found the ratio^to be as 14 to 15 in watei;, and 
by my experiments the same ratio holds good in mercury. 

liy the theory I have expounded, the capacity, as philoscmhers 
call it, of every body ought to dimmish with tlie ascent of tem- 
perature, provided ho corpuscular change takes place in the 
body ; and taken at the temperatures of water freezing and boil- 
ing, it ought to have a ratio of ll/2*() to 1000, or of 7 to 0 
nearly. The experiments of Mr. Dalton, Dr. Lre, De Luc, and 
myself, confirm the general truth of this law in water and 
mercury, and the experiments of the tw'o latter the correct ratio. 
The experiments of MM. Diilong and Petit give a different 
result. They find tlie capacity ol* mercury and a few other 
bodies to be slightly increasing ; but as these philosophers have 
not published the details of their experiments, it is impossible to 
say to what sources of error they may liavebeen e.vpose(l. Here 
lire at least four testimonies to one against them ; and 1 have no 
doubt, if the experiments are carefully repeated, and no corpus- 
cular change takes effect, that the results, and even the numeri- 
cal values, will be as 1 have stated, and not in one kind of bodies 
only, but in every kind. 

fn the body of the proposition, 1 have stated that the propor- 
tion of water to the vapour experimented with ought to have an 
influence in the resulting quantity ol' latent heat. In general 1 
find that the less the ratio of the water to the vapour, the less 
comes out the value of the quantity of latent heat. Suppose, for 
instance, that 1 part of vapour at 243-2(P Fahr. or 120() true tem- 
perature, be condensed on 9 parts of w ater at 32*^ Fahr. or 1000 
true temperature, then, by our theorem, the latent heat would 
come out 1027*2^ Fahr. ; whereas if the same temperatures were 
used, and there was only 1 part of vapour to 99 parts of water, 
tlie latent heat would not exceed 960*72^ Fahr. which is 087}*^ 
below the other result. Here then is a circumstance of which 
philosophers have never dreamt, and which is nevertheless 
fully borne out by phienomena. Thus Dr. Ure, by condensing 
steam on watd* in the proportion of 1 to 161*7, finds the latent 
heat tor be 888;* °; while Count Rumford, by using the propor- 
tion of 1 to 114, finds it 1018*6°, and with the proportion of L 
Jo 96*1, as much as 10234°, the experiment being conducted 
in the same way, and with the same apparatus. We have here 
not only the testimony of the experiments of tw*o philosophers 
for the truth of our general position, but what is in this case of 
infinitely greater colisequence, the testimony of experimenht 
made by the same hidividual with the same apparatus. 
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The numerical value of latent heat is not influenced by the ' 
proportion of the quantities of steam and vapour only, but like- 
wise, and even in a more eminent degree, by the temperature. 
Other things being alike, the higher either or both o^ tlfestemper- 
atures are the greater will be the quantity oflatentheat. If the va- 
pour be Jyth of the water and its true temperature 1200, asT have 
takemit before, that of the water being 1160 or 197-80° Fahr. the 
latent heat will be 1218-78°. In a preceding example, when the 
higher temperature and i)roportion of water to vapour were the 
s-ame, but the true temperature only 1000, the latent heat 
appeared not to exceed 966-72°, that is, full 250° lower. Unhap- 
pily 1 know of no experiments with which 1 can compare this 
conclusion; for the temperatures of the water in all the experi- 
ments I know of are so near together, -and the influence of the 
inequality of weight in the water so decidedly overbalances that of 
the trifling difference of temperature, th-atfhe eflect of the latter 
cannot btf detected. There are, however, some philosopliers, I 
have no doubt, whose zeal for the advancement of science will 
put this to the test of experimental proof, and by this means have 
the honour of for ever putting at rest the merits of a doctrine 
which, it has often ajipeared tome, reflects more credit on Black 
for boldness of conception than soundness of judgment. 

It is proper to observe, before any experiments are made to 
confirm these inferences, that, the values of latent heat deduced 
from the preceding tlieorem presuppose the admission of our 
<^eneral law of teinperature for simple mixtures. If this be- 
denied, it will require a different expression for the amount of 
latent heat. For instance, taking from our third table t' to cor- 
resoond with F,, and t witli F, the general expression for the 
^ ^ , 1',' I'l - c - U)tc + »;;<"■■ 48 

latent heat in Fahr. will be 


1C 4- 1 


X If 

lOHOOO* 


we put in this expression /' = 1200 and t = 1000 as before, the 
value of the latent heat when rv = 9 comes out 1009-92°, and 
when «’ = 99, it is 947-71°. So that here we have not only the 
inference verified which 1 have drawn from my general theory, 
and confirmed by the ex|)eriments ofUre and Rumford, but even 
verified in a more striking degree ; for the diflerence is here 62,f° 

instead of bH-f. • , , 

However, though the proportion of weight lias as great an 
influence in this theorem as in the last or a greater, the variation 
of temperature has by no means so great. For instance, if we 
retain w = 99 and it‘= 1000 (82° Fahr.) the latent heart-will be 
-978° by putting t' = 1250, which corresponds with 302° Fahr. 
The increase of latent heat, therefore, bther things being alike,, 
by puttingthc vapour at 30-2° inste,ad of 243°, or 59°higher, is 11°. 
Now by Sir. Southern’s experiments, ah augmentation of 66° in 
the temperature of the steam, that is, from 229° to 295°, gave ah 
increase of 8° in tlie latent heat. 1 need make no observation on 
this new accordance of our theory with* observation. Philoso- 
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I>hers will, by this unexpected fact perceive with pleasure with 
what fidelity the results of experiment are represented by our 
thpeory, even when warped with the notions of caloric. But 
striking' as the coincidence is, we labour under a disadvantage 
by not^knowing the temj>eratiire of the water and its proportion 
to vapour. Had we these data, there is no reason for douliting 
but our theory would have made the coincidence even more per- 
fect than it is. 

To make this theorem also answer the views of the proposer, 

we have only to substitute 1000 for/, and 10 V 10 E for/' in the 
case of the detached boiler, which gives latent heat = 

V 3 / ‘^6 X = 

u> + 1 Uio 

taking the elasticity at 32^ 

Fahr. for 1000. In the case of the attached boiler, we have 
i = and /^ == (p””* E which substituted in the ibrmula give 
latent lieat = 

E . e - f)* - ip-' E)’^ . tv T (p~i E)'' 

^ Tooooo* 

In page 270 of the present volume ol the Ajinah^ 1 have given 
some calculations from a theorem similar to that I liave deduced 
in the third case ; but as 1 have not experimental results, hut 
only calculations from a theory which is found to agree nearly 
with observation within a certain extent, it will l)e useless to 
attempt a further comparison. 

(7V> hr cont'iniicd,) 
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Article IX. 

Reply to Mr. Trcdguld. Ey John IIera])al.li, Esq. 

, (To the Editor of the Annals of Flulosuphy .) 

DEAR SIR,* Crai/fotil, llounslo-x, Xm. 12, 1821. 

It has ever appeared to me to be a more lionourable course,^ 
even in unpro voted atta^Es, to give the wuiter an opportunity of 
discovering an<Ji correettng his own errors than triumphantly to 
expose them to animadversion. In your Anriak for October, I 
took this course with your correspondent X. and Mr. Tredgold, 
who had thought proper to attack my writings. I perceived, as 
I stated, errors and jiiiicoiiceptions in the observations of both, 
which I wished //fc// 4 .to.rectify rather than myself, X. has taken 
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the hint as 1 wished and expected ; and though he. has not per- ' 
ceived in his writings what I had in view, he has nevertheless 
replied in a mannei sutiicient to demonstrate, that what I sai(^ 
could not possibly give offence to a man actuated by* just and 
peaceable feelings. " Unh)rtunately Mr. Tredgold ha’s taken the 
thing- in a different way. Hence there is a feeling pervadiftg his . 
last paper in the Philosophical Magazine for October, which I 
am sorry to perceiva; ; and which 1 the more regret to see, as 
from the course Mr. Tredgold has thought proper to pursue, it 
obli;>-es me to exhibit the merits oi‘ his two papers in a light from 
whidi 1 would willingly have kept them. 

Mr. 'f. in his last paper, sets out with a professed attempt to 
demonstrate, ‘■‘that in thedirectcoUimynof peijectli/hurdhodks,the 
ynofncntnm hejarc. and after the stndcr is the, sairiCy 'it hen estmiatcd 
in the same direction.”’ This equality of momenta, I believe, was 
never doubted before, not only “ in the direct collision of per- 
fectli/ hard bodies” but in the direct or oblique collision of bodies 
of every kind, whetlier perfectly or imperfectly hard, soft, or 
ela.stic. In my theory, as in every other, except 1 suppose Mr. 
Tredgold’s, it is i^tel wo^,e^ with the very elements ; and 1 have 
re-deduced it from my results in a few instances merely to show 
that the spirit of my inquiries has not departed Irom this^wdl-* 
known principle. We shall presently see whether Mr. T. has 
been very successful in his professed attempt to demonstrate it. 

If two perfectly hard balls, A, H, moving towards opposite 
parts in the same right line with the velocities, V^, v, strike one 
another, then, by M r. Tredgold's views in his last paper, if A V 
e.vceed ,B v, the '-elocity ol' B after the stroke in a contrary direc- 

1 • A V - Bw 

tion to that in which it moved before the stroke is ^ . 

“ Tor,” says Mr. T. “ the intensity of the stroke (which is his 
tension of the thread) cannot be greater than A V, unless there 
be a reacting force greater than A V ; and since B v is les.s than 
AV, llie (Icficicfui/ of reaction is A V B v, iherefore A v 

B V is the momentum communicated to B-, or — — the velo- 



city of B/’ , , . t • 

1 cannot stop to notice as they deserve the curious paralogies 

in these two short sentences; I shall, therefore, merely ^how 
how well this inference demonstrates the problem he intends it 
to prove. Because A V - B u is the “ dejicicncy of reacUon, 
it is bv Mr. T.’s account, the motion lost by A ; thm-etore, 
A V - (A V - B v) = B u is the motio* of A after collision 
the same direction in which it was moving before the col- 
lision But Mr. T. tells us the motion df B in tlie same direc- 
tion after collision is A V - B u, and consequently, thn sum 
these motions is AV - Bu + B u ^ AV Now the 
aggregate motion in the same direction before collision by his 
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assumption was A V — B u. Therefore the sum A V of the 
motions after tile stroke exceeds the aggregate motion A V — B t' 
^n the same direction before the strcjte, by the eiitjre motion 
B’e; y^i he’ intended to prove these two motions equal. 

This, the scientific world will perceive, is Mr. Tredgold’s 
o-ranll efiort, which “strikes at the root of Mr. Herapath^s 
system, and overturns all his conclusions.’ Let us turp to his 
first paper in the Phil. Mag. for Aug. and 1 think we shall find 
something there which will improve the specimen I have already 

By examining,’' says Mr. T. in a note p. 132, the simple 
case (he alludes to bodies moving towards each otlier with equal 
opposite motions) when the velocilies are nothing ; that is, w hen 
the opposing forces are pressures,” &.c. Here Mr. T. plainly tells 
us when compared with what goes before, that two quiescent 
uodies which do not touch, or, if he will have it so, two bodies 
which do touch and are wholly destitute of any natural or 
impressed tendency to approach it they could, oi to change 
their places, press each other ! But the chief merit of this pas- 
sage is not confined to this conclusion. It is manifest from the 
drift of it Mr. T. can compare pressure with impulse. Of course 
* he can also compare a mathematical line with an area; and 
thence tell ns how many lines there are in a sujierficies, how 
many superficies in a solid ; and, as a finale, I expect how mans 

inches in an hour. , , 

Ao-airi, says Mr. T. “ If two hard bodies moving ni the same 
direction vvhh different momenta, so that the body having the 
greater momentum strikes the other, the sum of the momenta 
before and after the stroke will be the same, but an excliange 
will take place ; for after the stroke, the striking body will move 

with the momentum of the body struck.” 

Let A be the striking body, and a its velocity, 1> the other 
body, and h its velocity. By Mr. Tredgold’s law, B 6 is the 
motion of A after the stroke ; that is, the motion of A after the 
stroke = A « — {An — B h); and so likewise the motion of B 
after the stroke = B l> + (A a - B /i). Therefore when A a = 
B // ; that is, when the momenta before the collision are equal, 
or the velocities reciprocally proiiortioiial to the bodies, the 
motions, and of course the velocities, of the bodies are unaffected 
by tke collision ; and each liody retains the same velocity after 
tfie collision* it had before. But the velocity of A must have 
beeirtn-eater than that of B before the collision, otherw'ise iJ 
could'iiot have overtaken and struck it ; consequently it must 
likewise be as much greater after collision. Novy if one body 
overtake and* strike ahother moving in the same right line, the 
striking body must after collision have a less or cannot have a 
greater velocity than the body struck, in consequence of its 
beino- obliged to mwe behind the other. But we have shown it 
is greater ; and it be as many times greater as w e please to 
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imagine B to be greater than A. Therefore the velocity of the^ 
striking body after collision Is both greater afid not greater than 
the velocity of the other. In the same way it imy be 8hc5\v*n 
that the velocity of tlie body struck will after collision be" both 
Jess and not less than that of the other body. 

A theory that admits such conclusions as these needs no com- 
me I it, on its merits. 

At p. 133, Mr. T. observes: If two hard bodies move in 
opposite directions upon the same line, with difterent momenta, 
the momentum after the stroke vill be equal to the difterence 
of the momenta before the stroke. The body which had the 
greatest momentum before the stroke ivill he at rest after it, and 
the other body will move with a momentum equal to the differ- 
ence of the momenta before the stroke.’’ 

Here it is jdain Mr. T. assumes ihe intensity of collision to i>e 
equal to tlie greater momentum; because if it was either less or 
greater, this body would after collision have some motion in the 
*same or opposite direction. I'lierefoie the opposite motion of 
the other body contributes nothing to the intensity of the stroke, 
wliicli would be equally as great whether this body was at rest, 
or moving witli a momentum equal and contrary to the other.^ 
Now I wish to put. Mr. Tredgold to no inctuivenience, but if'lie 
could get some one to stand still, while he walked at a certain 
rate up against liim; and if lie could then induce the other, 
instead of standing still, to meet liiin with an equal motion, I 
think he would have a feeling experimental proof of tiie falseness 
of ills theory. 

I'lifortunately Mr. T. has not demonstrated this theorem ; and 
1 must acknowledge 1 cannot see how it is derived. There is 
also a difficulty in the theorem itself 1 am unable to comprehend. 
For instance, 1 have shown by this theorem that the less motion 
contributes nothing to the stroke; and this must hold good even 
when it is but ever so trifling less than the other motion. On the 
contrary, il'it be increased to but ever so triBing a degree greater, 
it will contribute the whole of the stroke. Surely this is a very 
convenient transfer of power between inanimate bodies ; but on 
what phy.sical principles can it be explained ? How does it operate 
in the case of equality of momenta ? In which of the bodies doesi 
the power of giving intensity to collision then side ? or how is it 
divided between them ? 

Rut in Case 2 of his last paper, which is precisely tlie^iresent 
theorem, Mr. T. tells us that the dejieietny of reaction is A*V-~ 

B vJ' Therefore as B v increases, this^deficiency diminishes, 
and the reaction itself increases. But tiip reaction is only the* 
counterpart and equivalent of the action 4 and the* action Is evi- 
dently the intensity of collision. The intensity of collision, 
therefore, increases by a quantity equal to the less motion as thia 
less motion increases ; and is the least wlieh^thls motion is the 
least or nothing. When consequently the less motion become«» 

New Series y \ 01., ii. 2 rr 


I 


466 * ' Mr. Herapnth’s Reply to Mr. Tredgold. [Dec. 

'«*aualto A V the greater, the intensity of collision exceeds the 
density when A = o by A V. But Mr. 1. acknowledges 
■when B V =■ o-that the intensity is A \ ; therefore when B t> ~ 
AV, the intensity is A V + A V = 2 A V the same as in my 
theory., Thus hail Mr.T. argued correctly from his assumption, 
he would, with the part he has, without acknowledgment bor- 
rowed from my theory, have brought out the same as 1 had, the 
very conclusioL he n ants to refute. But to return ; it is plain 
from Mr. T.’s views here expounded, that the intensity of colli- 
sion is ereater the greater B v is ; yet from what he says iif 
the same^ thing in his first paper, 1 have shown that this mtei^ny 
is invariably the same for every value of B r less than A V. 
Therefore it is evident that Mr. Tredgold’s notions of collision 
are such, that he cannot, under equal circumstances, at diHercnt 

times take like views of the same thing. 

* ^uch is a fair representation of that part of Mr. 1 redgok. s 
theory which is due to his own mvention Other 'd.mrdit.es 
and strange paralogies 1 could easily adduce fiom Mi. ■■ 
theoi-y of collisioirwere I disposed; but 1 have passed them 
over Uiat it might not be said 1 strive to overcharge the P'ctme 
What I have exhibited will be sufhcient to show what contidem 
‘can he placed in the observations and discoveries of Mr. 1 am! 
as he seems not less determined to try to refute my iheoiy th.>ii 
ambitious to become the auihor o( a new om; ; these e.\amplc> o( 
his success m tl.at part of Ins theoiy winch he has not taken 
from mine, will, if they cannot convince him, demonstiate to tin 
world how well he can refute or ihscover. 

1 shall not now, because it is extranmius to tlie subject, . t. j 
to refute flic absurd doctrine Mr. Tredgold would propr^;ate m 
tlie lastparagraph of his last letter, whicii, according to " 

discovenes, would render all philosophers, excej.t himsell, httu 
better than simpletons, and all works, except Ins own, visiouaiy 
and false. For the same reason I shall not reiily to the ilhbeial, 
unhandsome, and uncalled-for msiimation he has thought pio- 
ner, m a postscript, to add to his last letter. I here is .‘‘f'^'ver, 
one thine- too closely coimected with the present subject to a. 
passed over; and as it is perfectly gratuitous on his part,^^ 
if not fulfilled, admit of but one construction . 

his lirst paper he, says ; " / nho remark, l/ia Ihtn i. a 

mueiraJc hmple aad coashlad maimer of account mg Joi the 
Zeater^ari effihe phanomcna he {Mr. Jlerapalh) has 
fo crnfoi/i.’’ ■ Of course Mr. T. must be acimainted with this 
methid, perfectly able, to apply it, and thoroughly satisfied et 
•its truth ; otherwise fie would not venture to spenk so con- 
fidently of it.' Now I should he sorry to take Mr. 1. at a dis- 
advanfoo-e and, therefore, if in next month s number he will 
candidly acknowledge this to be a mistake, it **;• 

If he do not, Irewilf Ijave the goodness to observe that the assei- 
tion was totally ui{ask.ed for, and irrelevant to the subject of his 
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paper, the refutation ’’ of my theory of colliiion, or rather the 
publicatipn of his own., 1 need not observe to Mr., T. that an 
assertion thus unnecessarily and gTiituitoiisly mp,d5 on ‘the 
works of another, in an attack of this kind, the world will 
expect him when called on to fulfil, or unequivocally t?) con- 
fess it/ inaccuracy. Should Mr. T. determine to support his 
assertion, and to try his skill at philosophizing, there will be 
no necessity for words ; it will be best to proceed w ith the 
subject. Any time, I assure him, he shall have my consent to 
take for the accomplishment oi’ his object that he pleases; and 
he shall likewise have his choice of any of the pinenomena I 
have explained, provided, however, he take ilie grealcr 
and those which involve mathematical law^s and calculations, 
whicli are alone the true test of' a tlieory. If’ Mr. T. will neither 
support, nor openly and candidly abandon his assertion, lie 
must pardon me for declining to continue the discussion, or to 
notice any futur(’ obsei vations he may jilease to mak(\ 

I am, dear Sir, 

Your very obedient servant, 

J. Her AT AT ii 


AllTICEE X. 

SCI ENTIFIC INTBEEU; ENCE, AND NO'l'iCES OF SUBJECTS 
c o N N I : ( ' ']• i , 1 > w 1 r ; i science. 

I. CnriQ;rcrc llocJcci,^, 

'fhci^e destructive nilssiles have lately been employed with eemsid-er- 
able eifect in the whale hsheries* ( apt. Scoresby, who is well known 
ill the scienthic w orld for his observations on the polar basin, was, we 
beliwe, tlic first to adopt this ingenious mode of capturing the 
“ monarch of the ocean.’’ The Fame has brought home nine fish, the 
wlioie of whicdi were taken by this means. In one case, instant death 
w'as produced by a single rocket; and in all cases the speed of the fish 
was much dimiiiisiied, and its pow er of sinking limited to three oivfour 
fathoms. Idle peculiar value and importance of the rockA in the fish 
cries is, that by means of it all the destructive effects of'a six or«evyn.a 
' twelve pounder piece of artillery, may be given with an apparatus not 
liefivicr than a musket, and with scarcely any s^iock or reaction on the 
boat. It appears that some of the smallest r()i;?kets employed in the 
Fame penetrated completely through the bod35 of the fish, so that the 
effect of the explosion wars visible on the opposite side. On the score 
of humanity, the employment of these rockets is also very desirable, as 
their fierce and destructive fire acting on the fitals «af the animal, 
almost instantly destroys life ; and saves the lingei*ing tortures of the 
harpoon, axe, and even saw, wliich are occasionally resorted to. 


» 
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II. Improvcmciti in IVoul/e's Apparatus. 

'ThcfolltwinK improved form of Woulfc’s apparatus is due to the 
Marouess Ri'dolfi. The bottles have three apertures as usual ; and 
mfddle one, intended for the purpose ol cleansing the bottle, or 
the introduction of materials, is closed either by a cork or a stoiiper , 
lubes descend bv the other two into the bottles, one a little fray in, 
iS other nearly to the bottom ; these tubes are small ; they are lastened 
nto the neck of the bottle, and do not r se tar above, bach of these 
is surrounded on the exterior of the bottle by a larger tube as higb as 
rhcmselvcs. and fastened by cement on the tops of the necks or tubu- 
lars as U. form a little vessel to receive mercury round the outside 
of tile sinaller tube. 'Fbe conno.ion is then easily made between one 
or more of these bottles by glass tubes bent twice at right angles, and 
of such size as easily to slip m between the two tubes bef me describti . 
wkn the lower eiuls are immersed mthe mercury, all is tight, and the 
■mpanitus may be set to work. This contrivance allows a little motion 
’to the bottles without endangering them ; they are instantly connected 
!,r unconnected at i.lcasure, and they act to a certain extent as tubes 
of safety. — (Journal ol Science.) 

III. Yelioxv lYver. 

■ /yn English physician has lately published a letter against the pre- 
caut onary me.asuVes adopttid by the Spanish government to prevent 
cautionai) .v,.. that the fears which these measures excite, 

the wanTof care experienced by the sick who are abandoned and the 
famine which follows the suspension ol all communication with a town, 
me circumstances which extend the ravages ot the fever to those who 
would otherwise have resisted tlie contagion. lie advi-es the eh anmg 
of thoraces where the ilisease prevails, and the allowing persons not 

aftetted^ Prize Quest ions connected wath this subject have lately 

of the yellow 

fever ? ” .. . . „ 

“ What are the means oi preventing it . 

IV. Ancient Boats. 

1 V ■ rvi* 'intniuitv havi‘ lately been discovered in 

Twm oak canoes Id . They were each 2 i 

Lougbis am e *V from the tree; the whole ot tin* wood 

S Utev wtve intended, when lashed together to form a double boat, 
iS. isi now employed in the South Seas, the right side of the one,^ 
1 irfr «iide of the other being convex in form, while the two oppo- 
S ii . t .o U.al .bey eoeU -ery redily be je.sed 

• together. Unfortuuafelv the finders of these prm.eval relicts in a few 
hours destroyed what tlie lapse of ages had faded to effect. 

V. Steam Navigation. 

ft is generally supposed that the application of the steam-engine to 
the purposes of' navigation is of very recent invention ; this, howc , 
is not tlie case, as a liatent was granted to Jonathan Hulls m 1 1 .i6, 
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which it was expressly stated that he should employ it for the convey- 
ance of vessels. 4'he specification is plact d at the beginning of a very 
rare tract preserved in the library of the Ikitish Museuni. /fhe above 
work is illustrated by an engraved plate, representing’ a steam-boat 
towing a large vessel, and contains the following account of tl|e a|)pa- 
ratus employed : 

“ Ifi some convenient part of the tow-boat, there is placed a vessel, 
about two-thirds full of water, with the top close shut ; this vessel being 
kept boiling rareties tlie water into a steam; this steam being conveyed 
through a large \)i|,)e into a cylindrical vessel, and there condensed, 
makes a vacuum, which causes the weight of the atmosphere to press 
on this vessel, and so presses dow'^n a piston that is fitted into this 
cylindrical vessel in the same manner as in Mr. Newcomen’s engine, 
with wdiich he raises w^ater by fire. 

After Hulls, we may place M. Duquet, the Marquis de Jouffroy, 
and Lord Stanhope, as‘the next in the list of candidates for the honour 
of this invention, all of whom are prior to Fulton, the so much boasted 
transatlantic engineer. We have noticed this subject, as it serves to 
illustrate a part ^of tlie history of the most stupendous machine which 
science has >et presented to tlie aid of’ man; but a useful treatise on 
lliis subject has long been wamted, and we feel pleasure in stating that 
this inqioiiant chasm in seientifie literature is likely to he supplied by 
the immediaU' publication of a work on the subject by Mr. l^irtington, 
of' the imndon Institution, an analysis of v/hich we hope to lay before 
our readers in an early number of the Annals, 

\’L Anu Apple, 

A gardener resident at Ihirnwell, near Cambridge, has, after many 
years'^ trial, brought an entire new species of apjile to very great perfec- 
tion. It is admirably adapted for keeping; and f6r magnitude and 
wxFdit it exceeds all tltat are known in this country, measuring 
twetve iuclies in diameter, while it exceeds one pound in weight. 


V 1 1 . ( toodman \s Improved Sli rrup- Iron, 

This patent imjirovernent consists in the introduction of a cross-bar, 
bearimAi spring wltliiu the open bottom of a stirrup-iron supporting a 
ial'se bottom, which rises and falls according to the motion of the 
hor.se, and affords relief to the rider; tlie horse is also relieved from 
any sudden pressure, and they prevent the breaking of the saddle-tree, 
the weight of the rider being uniformly carried upon an elastic instead 

of a solid bearing. 

\ HI. Comets. 


It appears tliat the late Mr. Cusac has left some unpublishecf papers 
on comets. He supposes them to be globes of water ; that, .on return 
to perihelion, the solar rays (after sunset) strike on the mass ot water, 
• enter converging to the centre, where, after decussation, they emerge 
from the liquid globe diverging, and form the phenomenon in tlvi 
heavens called the comet’s tail. As to the dse of these watery bodies, 
he thinks they were fonned by nature to assist in giving a due temper- 
ature to our system. 


IX. North Polar Expedition. • 

Jt appears from an account furnished by a gentleman connected 
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with the expedition under the command of Capt. Frankland, that the 
piirty had arrived at about f)i° N. lat. and .1 10 W. long. The whole 
expeditiorf w’ere in good health and spirits, and had passed an agreea- 
ble winter, living on the flesh of rein deer, which animal abounds in 
those legions, and passed them in great droves. 1 he encampment 
was made in Sept. 1820, when further progress became impracticable, 
and in June of the present year, they were to commence their jlassage 
down Hearn's River. 'J'he party consisted of Capt. Franklin, two 
naval oHicers, one .seamen, 19 Canadian voyrtgeurs, and 17 Indians, 

making in all 40 persons. , 

Letters have also been received from the Discovery Ships, dated 
July 16; they were then at Resolution Island, in Hudson’s Hay. 
They had met with some heavy icebergs, and considerable obstructions 
from the held ice, which was then rapidly disappearing. When, how- 
ever, the accounts came away, they had surmounted these iiiconvc- 
nience-s, and were pursuing their voyage of di.scovery up the inlet at 
the north of the Bav. The officers and men were in the highest health 
and spirits, being" w'cll provided witii all the necessary articles of 
provision and clothing adapted to the climate. 

X. Musical Permuiaiion. 

• A very curious invention lias been made iii the art of niiisical com- 
position. It consists in the use of })rcpared cards, on each of which a 
bar of an air is arranged according to a certain rhytlnu and key. I'our 
packs of these cards, marked A, B. C, and 1), are mingled together, 
and as the cards are drawn and arrangeii Ixdbre a performer in tlu‘ 
order of that series, it will be Ibund that an original air is obtained. 

The cards hitherto made aia* as w altzes, and succeed perfectly. 

XI. Si up III a r Species of Sfrarvljerri/. 

A correspondent states, that the singular species of strawberry 
lately noticed in the public papers, Ibund in Scotland, and whicli, like 
the lamousCTiastonburv thorn, blooms in w inter, is not confined to one 
part of our island, but has fiourislied u})wards of 50 years in the garden 
of Tintern Abbey, the seat of Caesar Colclough, Esq. It was trans- 
planted thither from Holland by a Mr. Simon, who presented it to one 
of Mr. Colclough’s ancestors. 

XII. Adulteration of Milk. 

Mr. E. Davy has lately completed a series of experiments on this 
subject, lie states that* the amount of adulteration even in skimmed 
milk sold in C^rk, amounted to from one-fourth to one-sixth part- 
The worst of the adulterated^ilk from the market being of the specific 
gravity of 1 -026, while the liigliest of the genuine milk from the ^ 
market was 1*039. In no case, however, did it appear that either* 
chalk, flour, or starch, was employed, the first being insoluble in 
skimmed rnilk,apnd as weH as the Hour and starch speedily subsided. 

To ascertain the purity of new milk, it is only necessary to employ 
a glass tube or lactometer jininutely graduated, and the proportion that 
the cream bears in pwint of depth to the milk beneath, marks the 
purity of the fluid operated upon. The lactometer employed by Mr. 
Davy, and with which In? produced the above results, was little more 


f 
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than a common hydrometer graduated for the purpose, a thermometer 
being attached to mark the precise temperature at the time of making 
tlie experiment. ’ , 

XIII. Maturation of Fruits. 


M Berard has been engaged in a course of experiments to determine 
what . chemical changes take place during the maturation, ripening, 
and decay of fruits of various kinds: his general results are stated 

as follows ; viz. ^ ^ 

“ Fruits act upon atiriosperical air in a different manner to leaves. 
The former at all times, both in light and darkness, part with carbon 
to the oxygen of the atmosphere, to produce carbonic acid, and this 
loss of carbon is essential to ripening, since the process stcys, if the. 
fruit is immersed in an atmospliere deprived of oxygen, «and the fruit 
itself shrivels and dies. This occurs equally to those fruits which, 
w lien gathered green, are able to ripen of themselves, though separated 
from their parent tree ; but in these, the ripening process may be by 
this means delayed for a certain time, and be completed by restoring 
them to an oxygenized atmosphere. In this manner, peaches, plums, 
ipph s, pears, &'C. mav he preserved unspoiled from three to ten or 
twelve weeks, inclosed in an air-tight jar, with a quantity of lime and 
suhihate of iron worked up into a paste with water, winch has the pro- 
perty of abstracting oxygen from the air which is in contact with it. 
The” passing from ripeness to decay in fruits is akso characterized by 
the production and evolution of much carbonic acid, and equally 
requires the presence of an oxygenized medium. 1 he internal 
changes produced in fruits by the ripening process are particular^ dis- 
tinoiiished by the ]>roduction of sugar, which does not exist in any 
coiTsiderablequantity in immature fruits ; and it apiiears to be produced 
at the expense of part of the gum, and especially ol the ligneous 
hbre. ” — (Phil. Mag.) 


Article XI. 

iSEW SCIENTIFIC BOOKS 

PKEPARING for PUBLKIAnOX, 

A Translation of Laiiey’s New Work, entitled, “ A Collec- 
tion of Surgical ObserMtions,” with Notes. By • 

An Appendix to Prof. Orfila’s General System 
The Works and Life of John Playfair, HIS. &c. 

Reflections on Gall and Spurzheim’s System of 1 hysiognofliy and 
Phrenology. By John Abernethy, FRS, 8vo. 

JUST FUBUSRED. 

Allan’s System of Pathological and 0|)erative Surgery, founded oil 

^Xse^ittJnfoJiFeiSe Diseases. By.Dt. Cto. Part 11. Rojld 
8vo. 15^. 
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• The Parent's Metlical and Surgical Assistant. Tliomus Ayre 
BromheM, MB. Pinio. 4vs. 

Zoological ^lustrations, or Original Figures, and Descriptions of 
new, rare, interesting Anituals. By William Svvainson, FRS. 
Vol. I. 2L 18.s\ 6(i. 

A NatViral History of tiie Crinoidea, or Lily-shaped Animals. Bv 
J. 8. Miller, AL8. 4to. 2L I2s. (k/. \ " 

The Voyager's Companion, or Shell. Collector’s Pilot. By John 
Mawe. 18 mo. 5 a. 

A Natural Arrangement of British Plants according to their Rela- 
tions to each other, as pointed out hy .lussieu, De Candolle, Ihowii, 
&c. including tliose cultivated for Use, with the Characters, Difier- 
ences, Synonyms, Places of Growth, Time of Flowering, and Sketch 
of their Uses, with an Introduction to Botany, in which the IVrms 
newly introduced are explained. By Samuel Frederick Gray , Lecturer 
on Botany, t^c. with Plates, in Two very large Volumes, 8vo. 
21. 2s. 


Article XI I. 

NEW PATENTS. 

John Collinge, of Lambeth, Surrey, engineer; for an im])rovenient 
on cast-iron rollers for sugar-mills, hy more permanently fixing them 
to their gudgeons. — Aug. 11,1821. 

John Nicliol, of West-lhul, St, John’s, Hampstead, Aliddle.sex, 
master-mariner; for an inijjroved caj)stan, windlass, and hawse-roller. 
-—Aug. 22. 

Sir William Congreve, of Cecil-street, Strand, Middlesex, Bart.; for 
certain improvements on his former |)atent, bearing date Oet. li), 1818, 
for certain new methods of constructing steam-engines, — Sept. 28. 

James Fergusson, of Newman-street, Oxford-street, Middlesex, 
stereotyper and printer ; for improvements upon, additions to, or sub- 
stitutes for, certain materials or apparatus made use of in the process 
of printing from stereotype plates. — Oct- 18. 

Stephen Hawkins, of the Strand, .Middlesex, civil engineer ; for 
certain improvements on air-traps for privies, water-closets, dose- 
stools, and chamber conveniences, to wdnch the same may be annlica- 
ble.~Oct,18. * 

Thomas Lees. jun. of Birmingham, snuffer-manufacturer ; for certain 
improvements in tjie construction of snuffers. — Oct. 18. 

Dgvey, of Old Swan-wharf, Chelsea, Middlesex, coal-mcr- 
-chantT tor an improved preparation of coal for fuel. — Oct. 18. 

John Poole, of Sheffield* victualler; for certain improvements in 
phuing iron or steel with br^ss or copper, or copper allayed with otlier 
metal or metals, b<5th plain and ornamental, for the purpose of rolling 
.^nd working into plates, slieets, or bars ; and such goods or w'ares to 
fvhich the same may be found applicable. — Oct. 18. 

John Christophers, off New Broad-street, London; for certain 
improvements on, or a substitute for, anchors. — Oct. 18. 
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Article XIII. 

. METEOROLOGICAL TABLE. 
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The obf?ervations in cftcli line of the table apply to a period of twenty-four hours, 
beginning at 9 A. M. on the day indicated in the first column. A dash denotes that 
^ result is included in the next following observation. 
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remarks. 


Tenth Monlh-l. rn.e: ‘2. Fine. 3. Uouay. 4. Very ra.ny duy : 

stonny night. 5, 6, T. Fine. 8. Rainy n.oming: a on the n, a. e. at 

night. 9. Foggy morning: Hne: lunar corona at night. 10. F.ne. 11. Cloudy. 
12 13 14 Fine. 1 5. Monting, rainy : afternoon, fine. Ifi. Fine : at 

nL. ’n. Fine: fog at night. 18, 19- Cloudy. 20. Rainy. 21. Fine day : 
rainy night. 22. Cloudy, fine. 2,1. Rainy. 24. Cloudy. 25. Cloudy, toggy. 
26. Cloudy. 27. Cloudy. 28. Foggy: driving: night clear: a Slratn. on the 
manhea. 29. Foggy. 30. Fine: a .SVn</«.v at ni^t. 31. Fine. 


RE,81'ETS. 


Winds : N, 2 ; NE, 2; E. 1 ; SE, 5; S, 1 ; .SM', 1 1 ; MM ; 


NVV, 8. 


Barometer : Mean lieight 

For the month * 

For the lunar period, ending the ISth 

For 1 4 days, ending tlie 9th (moon south) . 
For 13 days, ending the 22d (moon north) 

Thermometer; Mean height 

For the month 

For the lunar period • 

For 30 days, Oie sun in Libra 

Fvaporadon. . . 

Rain 


29*9SI inchen. 


29‘99() 

29‘95T 


29-905 


50-7 09‘> 
54-133 
53-016 

L63 in. 
2-51 


Laboratory^ Stratford^ Eleventh Month, 21 » 18 ^ 1 . 


R. HOWARD. 



INDEX 


A cetate of lead, composition of, 
i 

lime, composition of, 

144. 

_ — mercury, on the pre- 

paration of, 33. 

Acetic acid, atomic weight of, 142. 

Acid, acetic, atomic weight of, 142, 
method of prc])aring, accord- 
ing to the Edinburgh J’liannaeojxria, 
19 . 

— various ntethods ol‘ |>repar- 

ir!g. 20. 

arsenious, atomic weight of, 120. 

benzoic, atomic weight of, 140. 

boracic, atomic weight of, 1.41. 

cbroiui(': and sul})l)uric, on, 155. 

citric, atomic weight of, 1 39. 

gas, carbonic, on the sp. gr. of, 50. 

muriatic, on the preparation of, 29. 

nitrii’, on tile preparation of, 27. 

nitrous, (vn the preparation of, 24. 

oxalic, atomic weicfiit of, 144. 

succinic, atomic weight of, 141. 

the prenaration of, 70. 

Acids, vegebilile, anliydrous, table of the 
composition of, 1 IS. 

crystallized, table of the 

composition of, 14H. 

Adams, ]Mr. James, on circulating deci- 
mals, 10 — on the perpetual renewal of 
leases, 407 , 

Adulteration of milk, 470. 

Air-])umj>, apjilication of, ,495. 

Algeiiraic eliuractcrs, on a inethml ot ex- 
pressing chemical compounds by tlicm, 
212 . 

Alkalimeter and acidinicter, Dr. Ure, on, 
15. 

America, solar eclipse in, 495. 

Ammonia, borate ol, composition of, 131 . 
Ammonia.' suhearbonas, on the prepara- 
tion of, 40. 

Analysis of gunpowder, process for, 1 56. 
Ancient boats, 468. 

Animal heat, on the inlluaice of the ner- 
vous system on, 37. 

Antimony, atomic weight of, 124 — com- 
position of oxides of, 125 — tartarixed, 
on the preparation of, 42, 

— hydrosulphuret of, composition 

oi; 126. 

sulphuret of, composition of, 


Aphlogistic lamp, 406. 

Apjohn, Dr. on Wollaston’s thermometer, 
292. 

Apparatus, Woulfe's, knproved, 468, 

Apple, new, 469. 

Aqua ammonijc, on the preparation of, 
.41. 

potassec, on the preparation of, .40, 

Arragonitc, on the chemiciil examination, 
characters of, Ac. 57. 

on, by Dr. Daubeny, 220. 

Arsenious and arsenic atdd, atomic weights 
of, 129 — composition of, 140. 

Astronomical observations, 224, 4f30, 362, 
440. 

Atomic weight of acetic acid, 142— anti- 
mony, 1 24 — arsenious acid, 1 29 — ben- ^ 
zoic acid, 140 — bismuth, 122 — boracic 
acid, 141 — citric acid, 149 mercury 
125 — oxalic acid, 144 — succinic acid, 
141 — tartaric acid, 148. 

Azotic gas, on the specific gravity of, 50, 


B. 

Badolier, 51. process for extracting cin- 
chonin from cinchona, 416. 

Balance, new, on a, 29 1 . 

Barry, 51 r. on the ignition occasioned by 
.suljdiuric acid ami baryte.s, 77. 

Beiiiifoy, (Ol. astronomical observations, 
224, 400, 362, 440. 

on a new wind guage, 431, 

Benzoate of iron, composition of, 141. 

Benzoic acid, atomic weight of, 1 40. 

Berard on maturation of fruits, 471. 

Berzelius, on the prussiates or ferrugi- 
nous hydrocyanates, 7 — on the com- 
pounds of sulphur and cyanogen, 236. 

and Dulong on the coi^osition 

of water, anti density of sonrc elastic 
fluids, 48. * 

Biograpiiical sketch of John li*nn*4fc,JE!s(l* 
401. 

Bismuth, atomic weight of, 122 — compfli- 
sitionof oxide of, 12,4. , 

Blackwall,*Mr. John,-obsQrvaflLons on die 
thennoineter, 297. 

Boats, ancient, 468. 

BonfidorfF, Dr. analysis of tabular spar 
from Pargas, 30^ 

Boohs, newsc^tifft, T7, 157, 23T, 31S^> 
398, 471. , 


126 , 
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Boracic acid, atomic weight of, 131 — com- 
position of, 134, 

Borate of ammonia, composition of, 131. 
Borax, comjtwsition of, 1 3‘i. 

Boumonite, on the primary form of, 360, 
Bracconnot, M. H. on the crystallization 
of sugar, under peculiar circumstances, 
235. 

Brazil woods, purification of, 317. 


(J. 


Caciimore goat, 31>6. 

Calomel, on the name of, 427 . 

Capillary copper, on IMr. Smithson’s hy- 
pothesis of the formation of, 29 1 . 

Carbon, iodine, and hydrogen, on a new 
compound of, 118. 

— and chlorine, on two new com- 

pounds of, 104 — perchioride of, on, 

1 05 — protochloride of, 1 1 4. 

Carbonate of lime, composition o^, 134. 

magnesian, on, 415. 

Carburet of nickel, om the, 02. 

Carburetted hydrogen gas, specilic gravity, 
and composition of, 170 — process by 
whicli it is evolved in natural operations, 
171. 

ought to be con- 
sidered as a distinct species, 1 8 1 . 
Charcoal and hydrogen, on the ai’ritorni 
•coinpouncls of, 107. 

Cltarlton, INlr. J. 1*. on the production of 
colours hy mechaltu^l division, 182 — 
on the black enamel obtained from 
platina, 337. 

Cbeniical compounds, on a method of ex- 
pressing them by algebraic characters, 
212 . 

Children, J. G. Esq. on the nature of the 
pigment in the lueroglypliics on the sar- 
cophagus, from the tomb of Fsammis, 
389. 

Chloride of mercury, composition of, 127. 
Chlorine and carbon, on two new com- 
pounds of, KJ l — notice of a new com- 
pound of, 150. 

Chossat, l>r. on the influence of the ner- 
vous system on animal heat, 37. 
Chromic and sulphuric acids, 1 55. 

Cicatric da, of the egg, 2. 

Cinchonin, process for extracting it from 
cin;phonr, 3 1 6— -sulphates of, analy.sis 
of, 3 16. 

Cinnamon, oil of, on a crystallized subli- 
mate from, 222. 

Citrate of lead, composition of, J 40. 

Citric acid, atomic weight of, 1 39. 

Clarke, Dr. examination of the stone used 
in tlte construction of the Theban soros, 
57 — on the chemical exajnination, cha- 
xiTtkcl^rs, &,c. of thl arT^*gori;te, 57 — on 
jna|jj»<?jsian carbonate of lime, 415— on 


crystallized plumbfigo, 415 — on some 
Cumberland minerals, 415, 

Cocoa nut oil, on gas from, 235. 

Colours, their production hy mechanical 
division, 182. 

Comets, 4t>9. 

Congreve rockets, 467 . 

Conybeare, Rev. J. .1. on tin* geology of 
tlie neighbourhood of Okehampton. 
Devon, lf»l. 

(’opjKfr, effects of, on vegetation, 77. 
Corrosive sublimate, composition of, 1 27 . 
Crystallized plumbago, 415. 

(Cyanogen, on compounds ot sulphur with. 
236. 

Cyanurcts, on the preparation of the alka- 
line, by means of }>riissian blue, 1.3. 

— of iron and cobalt, with snlphu- 

ric acid, on the conqMHind of, I 1 . 
and barium, with sul- 
phuric acid, on the conq)Ound of, 1 I. 

and lead, with sulphu- 
ric acid, on the com])Ound of, 11. 

and ])otassium with sviU 

phuric acid, on the compound of, Hh 
and sulphuric acid, on the com- 
binations of, 9. 

of iron and silver w'it'i sulplmnc 

acid, on the com]>ound of, 12. 

of mercury with sulphuric acid, 

on the ct)mpound of, 12. 


1 >. 

Daubeny, Dr. on arragonUe, 220. 

Davy, Sir H. on the magnetic jduenomena 
prmluced by electricity, 81. 

Mr. E. on milk, 470. 

Decimals, circulating, on, 16. 

Dcucliar, Mr. notice of a new mineral 
sul>stance, 236. 

Dingier. Dr. on the purification of Hrazll 
woods, .317. 

Discovery, Russian voyage of, 397. 

Division, mechaniail, production oi co- 
lours by, 182. 

Dollond, Mr. U. account of a micrometer 
made of rock crystal, 229. 

Dulong and Berzelius, on the composition 
of water, and density of .some elastic 
fluids, 48. 


E, 


Eclipse, solar, in America, 396. 
Edinburgh, Medico-Chirurgical Society 
of, .396. # 

Education of mechanics, 395. 

Egg, on the physioli^y of, 1 . 

shell, composition of, 5. 

Electricity, on the magnetic phffinomina 
produced by, 81. 

Electro**magneti»m, on, 321. 
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Klectro-tviajjjnetisni, historical sketcli of, 
195, 274. 

Enamel, blade, on the, obtainftl from 
plalina, o37. 

Eva])orati on, theory of, 363. 

Expedition, polar, 469. 

• 

F. 

Faraday, Mr. on two new compounds of 
chh»rine and carbon, and on a new com- 
pound of iodine, carbon, and hydrogen, 
i04. 

and Phillips, Messrs, on a new 

compound of chlorine and carbon, 150. 
Fever, yellow, 468. 

Fl(H'tz formations, on, 241, 339, 405. 
FoUicuIus arris of the egg, described, 1, 
Form, priiikury, of the l>ournonitc, on 
the, 560. 

Formations, tloet/., on, 241, 339,405. 

I'ruit, maturation of, 47 I . 

a. 

Eas, acid carbonic, on the specific gravity 
of, 50. 

... oil and coal, remarks oir, 44. 

from coal, table oi results oi expe- 
riments on, 177. 

from cocoa nut oil, on, 23 o. 

from wliale oil, table of results of 

experiments on, 176. 

Eases, oxygen and hvairogen, on their 
specific gravity, 48. 

from coal and oil, circumstance.^ to 

which they owe their illuminating 
powers, 182. 

. - combustible, table of their charac- 

teristic properties, 177. 

< ic-ography, Society for the encouragement 
of, 397, 

Ecology of the neighbourhood of Oke- 
hampton, 161. 

(ioat, Cachmcrc, 396. 

(iravity, specific, of azotic gas, 56. 
of' oxygen and hydro- 
gen gases. 48. 

(Ireenwich and Paris, meridians of, 396. 
Euage, for wind, new, 431. 

Eimpowder, prin ess for analyzing, 156. 


coal and oil, which is condensed by 
contact with chlorine, 179. 

Henry, Dr. on the aerifoam compoundsk 
of charcoal and hydrogen, lt)7. 

Herajiatli, J. tables of temperature, and a 
mathematittal development of th« causes 
and laws of the phacnomena which have 
been adduced in support of the hyptv 
tlieses of calorific capacity, latent heat, 
^c. 48, 88, 201 , 256, 363, 434— reply 
to rcmark.s on his tlieofy, by, 223, 462. 

remarks on his theory, 223, 

224, 418. 

^V^ Esq. on a new balance, 

291. 

Historical sketdi of electro-magnetism, 
195, 274. 

Home, Sir Everard, on the black rete 
mucosum of the negro, being a defence 
against the scorching eftectsof the sun’s 
rays, 227. 

Hop, on the oil obtained from the distills* 
tion of, 3 1 5. 

Hope, Dr. reply to his remarks on Mr. 
Phillips’s analysi.s of the Edinburgh 
Pharrnacopnna, 1 9. 

Howard, Mr. li. meteorological tables, by, 
79, 159,239,319,396,473. * 

Hydrate of boracic acid, comt>osition of, 
131. 

Mydrocyanatc of iron and dcutoxide of 
capper with sulphuric acid, on the com- 
pound of, 1 2. 

Hydrogen, carbon, aitd iodine, on a new 
compound of, 1 18» 

— and charftipial, on the aiirifonn 

compounds of, 167. 


I. 

Ignition, occasioned by sulphiiric acid and 
barytes, 77. 

Iodine, carbon, and hydrogen, on a new 
compound of, 118. 

Iron, benzoate of, composition of, 141. 
Irvine, IVIr. R. on the carburet of nickel, 
149. 

.Tulin, M. on the preparation of succinic 
acid, 76. 

w 
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K. 


H. 

Hpadc® Hill, on the geological formation 
of, 116. 

Heat, animal, on the influence of the ner- 
vous system, on, 37. 

Hemy, Dr. inferences respecting the com- 
position of that part of the gas from 


Kater, apt. an account of the compariBOtn 
of various British standards of linemr 
measure, 228. , * 

J — on the best kinds of steel foir 

a compass needle, 230. 

Konig, Charles, Esq. on Mr. Smidison’s 
hypothesiips of the formation of capillary 
coppei, 29J , • 


f 


#8 


Indu. 


* 




jywerta Oigimtea af the aiident world, 
descript^ of, 1 83. 
liKmp, aphlogiatic, 396. 

Xiciid, acetate of, composition of, I4S* 

,, - - citrate of, composition of, 140. 

— tartrate of, composition of, 141. 
j^eases, on the perpetual renewal of, 307. 
Ufe, preserver, 39t . 

Xime, acetate of, composition of, 144. 

caT bonate of, compoidtion of, 1 35. 

-i» oxalate of, conipo^tion of, 136, 
tnj6Biure, an account of the compa- 
rison of various British standards of, 
288 . 

Lithography, 397. 

Low, Mr. answer to, on oil and coal gas. 


44 . 

Lussac, M. on du-omic 
acids, 155. 


and 


sulphuric 


M. 


Macculloch, Dr. analysis of his geological 
classification of rocks, 04. 

— on potash from })Otatoe 

stalks, 154. 

Bfagnesian carbonate of lime. on. 415. 

Magnetic plnenomcna produced by electri- 
city, on the, 81. 

Manganese, oxide of. found in the neigh- 
bourhood of Newcastle, ^siOO. 

JHarine and freshwater shells, on the 
means of distinguislung between, 309. 

Maturation of fruit, 471. 

Mechanics, education ot, 395. 

Meiiico-chirurgical Society of Edinburg] i, 
396. 

Mercury, atomic weight of, E^o—compo- 
sition of oxides and chlorides of, ^ 

Meridians of Greenwich and Paris, 39G. 

Micrometer, made of rock crystal, ac- 
count of, !:i29. 

Milk, adulteration of, 47 0. 

iMinerals found on the newly discovei'cd 
Antarctic land, 147. 

Musical pcnmvtation, 470. 


N. 

Niavigaj^pn by steam, 468. ... , 

JSieeme, compass, on the best kind of steel 
and form for, 230. , , 

Jilervous system, on die influence of am- 
^mal heat on, 37 . .i ' 

New ap|jle, 469. 

Newcastle, oxide of manganese found in 
the neighbourhood of, 200. 
carbwrei of, on tlie, G^. 

North polar expedition/ 469c «• 


O. 

Observations, astronomical, 223,300,430. 

— on Mr. Herapath’s theory, 

223,390, 418. 

Oersted, Prof, on electro-magnetism, 31 . 

Oil of cinnamon, on a crystalline subli- 
niate from, 222 — cocoa nut, on gas 
from, 235. 

Okehampton, geology of the neiglibour- 
hood of, 161. 

Olefiant gas, condensed by dilorine, 182. 

Oxalate oflime, composition of, 136. 

potash, composition of. 134. 

zinc, composition of, 138- 

Oxalic acid, atomic weight of, 1 .34 — com- 
position of, 136, 

Oxide of bismuth, com po.Nition oi . 123. 

Oxides of antimony, composi don of, 125. 

— — — iTiercury, composition ot. 127. 

tin, composition of, 124. 

Oxiduni hydrargyri precipitatum, on tlu' 
])r(‘paration of, 36. 


P. 

Paris, Dr. on the ])]iysiol(»gy of the egg. 1. 

Paris and Greenwich, meritlians oi“, 396. 

Parry', (’apt. analysis of journal of a voy- 
age for the discovery of a north-w^e^i 
passage, ^c. 66. 

Patents; new, 78, 158. 230, 318. .398, 
472. 

Pedometer, racing, 397. 

Perchloride of carbon, on, 105. 

pLTimitiition, musical, 470. 

Philli])s, Mr. R. on die effects of copper 
on vegetation, 77— on tiie preparation, 
of acetic add, 20 — on acetate of mer- 
cury, 3.>— reply to Dr. Hope’s remarks 
on his analysis of the Edinburgli Phar- 
niaeopuna, 1 9, 

juid Faraday, IVIessrs. on a new 

eomjiound t)f (iilorine and earlitm. loO. 

Mr. \V. on the primary form o; 

the hournonite, 360. 

Physiology of the egg, on the, 1. 

Pigment, on the nature ot. in the inert - 
glyphies on the sarco|>hagus from th(' 
tomb of Psammis, 389. 

Platina, on the black enamel ohtaineil 
from, 3.37. 

Plumbago, (Tystalli/.ed, on, 415. 

Polar expedition, 469. 

Puta.sh, from potatoe stalks, 154. 

oxalate of, composition of,||34. 

Potatoe stalks, potash from, 151 

Pre.server, Life, 397 . 

Protochloride of carbon, 1^'^* ^ 

Prussian blue and sulphuric acid, on tiic 
compound of, 12. 




Index. 


Kacing pciloniet^T, 397 . - 

Kemarks upon Mr. Herapath's theory, 
223, 390, 41<S. 

^c. reply to, 303, 462. 

Itcnewal, perpetual, of leases, on, 307. 

ilcteinucos'im of the negro, on its being a 
defence against the scorching effects of 
the sun’s rays, 227. 

Kcnnie, Jolin, Esq. biographical sketch ot, 

Ricardo, M . Esq. remarks on oil and coal 
gas, 44. 

Ridolfi on Woiilfe’s apparatus, 468. 

Robiquet, IM. analysis of the sulphates of 
cinchonin, 316. 

Rockets, Congreve, 467. . . , , 

Ross, i^lr. M’. on the carburet of nickel, 
62. 

Russian voyage of discovery, 397. 


Jsarcophagus, on the nature of the pigment 
in tlic hierogly[)hics in the, troni the 
tomb of Psammis, 389. 

Scientitic hooks, new, 77, lo7, 23 1 , 318, 
398,471- 

Shells, on the means of distinguisiang 
between freshwater and marine. 309. ^ 

Society, geological, prv>cecdings ot, <2, 
150,232. 

nicdico-clururgicak 39(). 

__ royal, analysis of the Transac- 
tions of, for 1821, |>art 1. 22T. 

— |)roceedings of, 7 1 , 1 49. 

— for the encouragement of geogra- 

phy. 397. 

\\ erncrian, proceedings of, 312. 

, Solar ecli}>se in America, 390. 

Siimmering, S. T. A9>n. descrijition of tlie 
kicerta gigantea of tlic ancient world, 
183. 

Soros, Tliehaii, examination of the stone 
used in the construction of, 57 . 

Sowerby, Air. (C R. on the geological 
formation of Hcaden Hill, in the Isle 
of Wight, 216— on the means of distin- 
guishing between freshwater and marine 
sheUs,5)9. . 

Spar, tabular, from Pargas, analysis ot, 
* 309, 

S(|iures, P. Esq. vn thomsonite, 254. 

Steam navigation, 468. 

Steel, on #ic best kind of, for a compass 
needle, 230* 

Stirrup-iron, improved, 469. 

Strawberry , singular, 470. 

Sublimate, corrosive, composition of, 127. 


Subscriber, a, answer to his remfttks on oil 
and coal gas, 44. 

Succinic acid, atomic wc%ht of, .14i— on 
the preparation of, 76. 

Sugar, on the crystallieation bf, under 
peculiar circumstances, 235. , 

Sulphate of zinc, composition of, 13?. 

Sulphates of cinchonin, analyms Of, 316. 

Siilphurct of antimony, compositioo of, 
126 . 

Sulphuric acid and cyanurets, on the C®ni- 
binations of, 9. 

Sylvester, Mr. Charles, on a method of 
expressing chemical compound^by alge- 
braic characters, 2 1 2. 


Tabular spar from Pargas, analysis of, 
309. 

Tartaric acid, atomic weight of, 1 38. 

Tartarizeil antimony, preparation of, 132. 

Tartrate of lead, composition of, 139. 

Theban soros, examination of the stone 
used in the construction of, 57 . 

Theory, Mr. Ilerapath’s, remarks upon, 
223, 390, 418. 

Thermometer, observations on, 297. 

... — Wollaston’s, on, 292. 

Thomson, Dr. ejiperiments to determine 
the atomic weights of various metals 
and acids, 120. 

Tliomsoniie. a new mineral substance, on, 
254. 

Tin, atomic weight of, 123 — composition 
of protoxide and peroxide of, 1 24. 

Traill, Dr. description of some minerals 
ibuiul in the newly discovered Antarctic 
land, 147, 

Tredgold, his remarks replied to, 223, 

Aik, 

Turner, Air. I. A. on a crystalline subli- 
mate from oil of cinnamon, 222. 


V and El. 

Vegetable acids, anhydrous, table of the 
composition of, 148— crystallized table 
of the composition of, 148. 

AT-getation, eflects of copper on, 7^ 
^T)yage ol' discovery, Rqjisian, 39T. 

Ure, Dr. on an alkalimeter and ^idimeter, 


Weaver, T* Esq. on floetz formations, 
241,339, 403. 

Weight, atomic, of acetic add, 142, «iti- 
mony, 124-yarscniou5 add, 
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*oic add, bismuth, 122— bomcic 
add, 131~^HTic acid, 139— m«rcu^, 
4g5-«oxalic iicid, 134 — succmic acid, 
# 141— tartaric add, 138. 

Weights ‘and* measures, tlurd report of die 
^XHcnmissioners appointed to consider the 
suUiect of, 132. 

Whale fishery, employment of rockets in, 


4fit. ^ , 

Whattott, Mr, on the name of calomel, 
42T. 

Winch, Mr. J. N. on oxide of manganese, 
found in the neighbourhood of New- 
castle|200. 


W’^ind guage, new one, 431. 
Wollaston’s themiometer, on, 292. 
‘Woods, Brazil, purificati^ of, 31 T. 
Woiufh’s apparatus improved, 468. 


V. 


Yellow fever, 468. 


Z. 


Zinc, sulphate of, composiiion of, 131. 
— - oxalate of, composition of, 138. 
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